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SUMMARY 
l. In a study of the reserve food content of small grain seeds, 
the term "sprout value" has been assigned to the moisture-free 
weight of the maximum plant growth derived from the seed when 
planted and grown in a nonnutritive quartz medium and in 
absolute darkness. Under these conditions, no photosynthesis 
nor intake of soil solutes is possible, and the moisture-free sub-
stance of the seedling is derived from the reserve food material 
of the seed . 
2. As an average for all the grades of wheat seed tested in 
1913 and 1914, the total sprout value of the seed equaled 54.2 
per cent and 46.3 per cent of the weight of seed planted in 1913 
and 1914 respectively. In other words, 50.2 per cent of the seed 
·substance was recovered in the sprout as an average for the two 
years. The total loss of substance not recovered in either the 
sprout or the inert seed residue averaged per cent during 
1913 and 1914. 
3. As an average for all tests during two years, 1913 and 
1914, the ratios for the moisture-free weight of unselected seed 
to the large and small seed were respectively 100:127 and 100:85, 
while the ratios for the total sprout value were 100:123 and 
100:88 respectively. This indicates a rather close relationship 
between · the size of seed and its sprout value. 
4. As an average for t hree tests, t he carbon dioxide liberated 
from wheat seeds by respiration during fourteen days' growth in 
the dark in a nonnutritive medium amounted to 39.22 per cent 
of the original moisture-free weight of the seed. The sprout value 
of the same seed equaled 47.28 per cent of the original dry mat-
ter of the seed . 
5. Very small or shrunken wheat seeds are at a marked dis-
advantage in comparison with large seeds, when planted at the 
unusual depth of 5 or 6 inches. 
6. The separation of the mature crop of wheat, grown at the 
normal rate of planting, into individual plants was accompanied 
by·an average error of 7.6 per cent. For this reason, the number 
of individual plants surviving from large and small seeds at 
harvest was not determined in these experiments. 
7. The relative production of large and small seeds of wheat 
was determined when planted alone, and when grown in com-
petition by alternating the seeds in rows planted at the normal 
field rate. The small seeds weighed 66 per cent as much as 
the large seeds and had a sprout value 68 per cent as large. 
The germinations of the two grades were practically equal. 
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When planted alone, the small seeds produced 6 per cent fewer 
culms and in competition 18 per cent fewer culms than the large. 
The yield of grain was 11 per cent smaller for the small seeds 
planted alone, and 24 per cent smaller in competition than for the 
large seeds. The straw yield was 6 per cent smaller for the small 
seed alone, and 25 per cent smaller in competition than for the 
large seed. The total plant yield was 7 per cent smaller for the 
small seed planted alone and 25 per cent smaller in competition 
than for the large seed. 
8. Cdmpetition between alternating plants of two wheat 
varieties may be very marked. Thus, in 1914, when grown at 
the normal rates of planting, the yields of grain, straw, total 
crop, and number of culms for Big Frame winter wheat were 
respectively 90, 88, 89, and 80 per cent as large as for the Turkey 
Red. But when grown in competition, the Big Frame yields 
were respectively only 55, 70, 67, and 68 per cent as large as for 
the Turkey Red. The relative competitive qualities of these two 
varieties were reversed in 1915, due to a great difference in 
climatic conditions. However, the effect of variety competition 
is very apparent. Planted alone, the yields of grain, straw, total 
crop, and number of culms for Big Frame winter wheat were 
respectively 82, 105, 99, and 94 per cent as large as for the Turkey 
Red. In competition, these Big Frame yields were respectively 
120, 128, 125, and 117 per cent as large as for the Turkey Red. 
Similar (tho not quite so striking) results were obtained for 
spring wheat. These investigations suggest that competition 
may play a very important role in the natural improvement of 
cereal crops. 
9. In a 2-year yield test of unselected, large, and small seeds 
of two winter wheat varieties, the average relative seed weights 
were 100, 134.6, and 86.9, with corresponding sprout values of 
100, 133, and 92.3. The grain yield of the large seed was 2.3 
per cent superior to the unselected seed, while the grain yield 
from the small seed was 3.1 per cent inferior. 
The 2-year average relative weights of unselected, large, and 
small seeds of two spring wheat varieties were respectively 100, 
117.3, and 78.4, while the corresponding relative sprout values 
were 100, 110.4, and 71.8. With the spring wheat, the large seed 
outyielded the unselected for grain 11.8 per cent, while the grain 
yield of the small seed was 7.7 per cent inferior to the unselected 
seed. 
In these tests, the seeds were planted in equal numbers at a 
normal rate for the large seeds. 
10. When two grades each of spring wheat and oats were 
space-planted to permit maximum plant development, the small 
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seed compared with the large produced 80 per cent as many 
culms per plant, 72 per cent as high grain yield, 77 per cent as 
great straw yield, and 77 per cent as great total yield. In these 
tests, the small seeds planted averaged 52 per cent as heavy as 
the large. 
11.. In yield tests comparing large and small seeds planted 
both in equal numbers and equal weights at rates normal for the 
large seed, (1) the small seed of winter wheat yielded 4 per cent 
less than the large when planted in equal numbers, while the 
yields were equal when planted at equal weights; (2) the small 
seed of oats yielded 11 per cent less than the large when sown in 
equal numbers, and both yielded alike when equal weights of 
seed were used (3) when sown in equal numbers, the small seed 
of spring wheat yielded 10 per cent less than the large seed, 
while it yielded only 1 per cent less when equal weights of seed 
were used; (4) as an average for all three crops, the small seed 
yielded of 1 per cent less than the large when equal weights of 
seed were sown, and 8 per cent less when planted in equal numbers. 
12. During 12 years of continuous grading of Turkey Red 
and Big Frame winter wheat (by means of a fanning mill), the 
heaviest one-fourth seed has averaged 0.4 bushel more, while the 
lightest one-fourth seed has yielded 0.5 bushel less than the un-
selected seed. 
13. As an average for 12 years' continuous use of the fanning 
mill, the heaviest and lightest one-fourth seed of Kherson oats 
have yielded respectively 0.83 bushel and 0.09 bushel more than 
the ungraded seed. 
During 8 years' continuous use of the fanning mill, the lightest 
one-fourth seed of American Banner oats has yielded 1.43 bushels 
more than the heaviest one-fourth. In a 4-year period the un-
graded seed was also compared and yielded 1.6 bushels less than 
the light seed, while the heavy seed yielded 3.67 bushels less than 
the lightest seed. In this variety, the selection of the light seed 
evidently resulted in securing the best adapted strains within the 
variety. 
14. From a review of 60 experiments by various investigators, 
regarding the relative yields of grades of small grain seeds, the 
following principles are indicated: 
(1) When space-planted to permit maximum development 
of the individual plants, a higher yield per plant is obtained from 
large than from small seed. 
(2) When planted in equal numbers at a rate optimum for 
large seed, a lower yield is obtained from small than from large 
seed. 
(3) When planted in equal weights, at a rate optimum for 
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the large seed, all three grades of seed-large, small, and un-
selected- yield equally. 
(4) When distinct grades of light and heavy seeds (or large 
and small) are obtained from a fanning mill and planted in equal 
volumes as with a drill set at a uniform rate, slightly smaller 
yields are apt to result from the light seed. The difference in 
favor of large or heavy seed as compared with the original un-
selected seed is very slight, and probably so small as to have 
little practical significance. 
The conclusion would seem justified that the practical use of 
the fanning mill in seed preparation consists largely in the removal 
of weed seeds and trash when present. If the seed is well cleaned 
at the threshing machine, little further is to be gained by fanning 
mill grading. 
(5) Competition between plants from large and small seeds 
sown in a mixture acts to increase the relative yield from the 
large seeds. This suggests a natural elimination (within a mass 
variety) of poorly adapted types which produce unduly small or 
light weight seed. 
RELATION OF SIZE OF SEED AND SPROUT 
VALUE TO THE YIELD OF SMALL 
GRAIN CROPS 
T. A. KIESSELBACH AND C. A. HELM 
RESERVE FOOD OF SEEDS 
The food consumed by seed-producing crops in their initial 
growth during germination and prior to their independent 
existence originates in the reserve food stored either in the 
endosperm of the seed or in the cotyledons of the embryo plant 
within the seed. This reserve food is liberated by enzymatic 
action in the process of germination. When the roots have 
become established in the soil and the chlorophyll-bearing foliage 
has commenced development above the ground, the seedling is 
enabled to obtain necessary plant food material independent of 
reserve food within the seed. Under any conditions, the seed-
lings may continue to draw upon the store of reserve food until 
the supply has become exhausted and merely the nonavailable 
seed residue remains. 
The actual amount of reserve food is indicated approximately 
by the difference in weight of the dry matter of the original seed 
planted and of the inert seed residues after the seedling has 
extracted all of the reserve food. 
During growth, a portion of this reserve food enters into the 
plant substance of the seedling. Another portion is lost alto-
gether from the plant during respiration in which carbon, oxygen, 
and hydrogen are liberated according to the following formula: 
+ 6 = 6 6 These two sources of loss in 
weight of seed substance upon germination comprise the chief 
disposition of the reserve food content of seeds. Other sources 
of loss are probably quite negligible. 
Duggar (1911) states that "seeds which germinate rapidly 
may lose, under favorable conditions, one-third of their dry 
weight (by respiration) during a period of 10 days, which is an 
average of about 3 per cent a day." 
That portion of the reserve food which enters into the seed-
ling structure is quite accurately measurable, and for various 
grades of seeds is an index of the relative amounts of reserve 
food contents when planted under similar conditions. This por-
tion is of prime importance in plant growth and represents the 
sprout value of the seeds. 
(9) 
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A superior yielding power has frequently been attributed to 
the extra large seed. Since the seeds of any given crop com-
monly differ markedly in size, it is of importance from the stand-
point of crop production to know the extent to which this differ-
ence in size may affect the yield of the crop produced. The 
following experiments have been conducted for the purpose of 
contributing further to the information upon this subject. 
SPROUT VALUE OF DIFFERENT GRADES OF SEED 
The sprout value is the moisture-free weight of the 
maximum plant growth derived from the seed when planted and 
grown in a nonnutritive quartz medium and in absolute dark-
ness. Under these conditions no photosynthesis or intake of 
soil solutes is possible, and the moisture-free substance of the 
seedling is derived from the reserve food material of the seed. 
In these experiments the sprout value of seeds was determined 
as follows: The seeds were grown to their maximum develop-
ment in a pure quartz medium, in absolute darkness, at a tem-
perature of 30° C., and watered only with distilled water. Max-
imum development was regarded to have taken place when 
further growth was not apparent and the seedling commenced 
deterioration. When this stage of development was reached, the 
entire seedling (including the roots) was very carefully washed 
from the sand in running water. All growth external to the seed 
was separated from the seed residue and the root growth and 
stem growth divided. The three portions were weighed sepa-
rately after being rendered moisture-free by drying in an electric 
oven at 110° C. Since no substance may have been added to 
the seedlings either by intake of soil solutes or by photosynthesis, 
the weight of the root and stem growth together with the loss 
thru respiration, minus the inert seed residue, should represent the 
total available reserve food in the seeds tested. 
RELATIVE SPROUT VALUES OF DIFFERENT GRADES OF SEED WHEAT 
The relative sprout values of various grades of winter and 
spring wheat were determined according to the method previously 
described: The grades designated as large plump, small plump, 
large shrivelled, small shrivelled, large, small, and medium, were all 
selected by hand from original seed as secured from the t hreshing 
machine. In 1913, seed selected in the milk and dough stage 
from the growing crop were also included. 
A chemical analysis was made of the various grades of wheat 
tested in 1913, and the composition is given in table l. It is 
evident from the relative weights of the seed and the composition 
that distinct grades were employed. 
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TABLE 1- Chemical analyses of wheat grades tested for sprout value 
(1913 crop) 1 
Nitrogen-free 
Average extracts 
Kind of seed kernel Ash Ni- Protein Fat 
tested weight trogen Crude I Carbo-
fiber hydrates 
---
Per cent[ Per cent Grams Per cent Per cent Per cent Per cent 
(1) (2) (3) (4) (5) (6) (7) (8) 
TURKEY RED WINTER WHEAT (PURE STRAIN NO. 42) 
Unselected ... . · 1 ·0183 2.569 2.937 18.748 2.250 2.094 70.592 
Large plump . . . .0284 2.246 2.617 16.710 2.152 2.908 73.367 
Large shrivelled .. 0181 2.651 3.228 20.605 2.253 2.817 68 .446 
Small plump .. · 1 ·0152 2.491 2.934 18.716 2.055 2.916 70.888 
Small shrivelled .. 0135 2.695 3.365 21.451 2.145 3.030 67.314 
Dough stage. . . .0162 I 2.620 2.638 16.830 2.352 2.888 72 .672 
Average . . . . . .0182 I 2.545 2.953 18.843 2.201 2.910 70.546 
TURKEY RED WINTER WHEAT (STANDARD VARIETY) 
Unselected ... . .0225 2.405 2.646 16.549 1.337 2.213 74.851 
Large . .0298 2.101 2.255 14.093 1.100 2.486 77.965 
Medium . .0262 2.161 2.256 14.108 .862 2.989 77.624 
Small . .0199 2.213 2.269 13.924 1.442 2.795 77.357 
H orny .. .0204 2.336 2.770 17.313 1.615 2.770 73.196 
Starchy .. .0266 2.258 2.175 13.604 1.509 2.280 78.174 
Average . .0242 2.245 2.395 14.931 1.310 2.588 76.527 
BIG FRAME WINTER WHEAT 
Unselected .... . .0238 2.016 2.191 13.958 2.202 2.606 77 .027 
Large plump . .0271 2.180 2.213 14.123 1.986 2.257 77.241 
Large shrivelled. .0225 2.031 2.367 15.097 2.175 2.375 75.955 
Small plump .. .0160 2.058 2.338 14.927 2.086 2.758 75 .833 
Small shrivelled. .0146 2.269 2.963 18.888 2.358 3.411 70.111 
Dough stage ... .0145 2.300 2.397 15.297 1.989 3.225 74.792 
Horny .. .0214 2.186 2.501 15.961 1.986 2.447 74.919 
Starchy .. ... .0243 2.149 1.990 12.705 2.165 2.509 78.482 
Average-.. .0205 2.148 2.370 15.119 2.114 2.698 75.545 
SCOTCH FIFE SPRING WHEAT 
Unselected .. .0202 2.363 3.481 21.760 I 1.619 2.677 68.100 
Large. .0249 2.284 3.211 20.063 1.570 2.867 70.005 
Medium . .0203 2.105 3.456 21.604 1.938 2.692 68.205 
Small. .0174 2.500 3.205 18.743 2.143 4.102 69.307 
Milk stage . .00586 2.136 3.028 18.930 2.392 4.924 68.590 
Average . .0177 2.277 3.076 20.220 1.932 3.452 68.841 
MARQUIS SPRING WHEAT 
Large .. i .0250 
I 2.522 1 3.299 1 21.053 1 
2.439 2.273 68.414 
Small .... . ... · I .0163 2.675 3.368 21.041 2.719 2.489 67.708 
Average ..... 0206 2.598 3.333 21.047 2.579 2.386 68.061 
Sprout value data for this wheat are given in table 2. composition is based upon 
moisture-free wheat. 
!These analyses were made under_the supervision W. Upson, Station Chemist.] 
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Figures 1, 2, and 3 illustrate several grades of seed wheat 
studied for relative sprout value in 1913. The character of 
vegetative growth obtained in determining the sprout value of 
wheat grades is shown in figure 4. In this illustration, the wheat 
seedlings were in the proper stage for harvesting, all of the reserve 
food in the seed apparently having been utilized. 
'f-
Fig. 1- Turkey Red grades tested for sprout value in 1913 (table 2). 1, large 
plump; 2, small plump; 3, small shrivelled; 4, dough stage. Relative 
weights of seed 100, 53, 48, 57. Relative sprout values of seed 100, 58, 
40, 48. Slightly enlarged 
Tables 2 and 3 contain a summary of 1913 and 1914 
sprout value determinations with various grades of winter and 
spring wheat. 
In column 3 is recorded the moisture-free weight of 100 seeds 
for eachlgrade. In columns 4, 6, and 8 are given the weight of 
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moisture-free substance contained in the stem growth and root 
growth and total vegetative growth from 100 seeds of each grade 
when tested for sprout value. In columns 5, 7, and 9 are in-
dicated the ratios of the moisture-free sprout weights to the 
moisture-free weights of the seed tested. The percentage of 
Fig. 2- Big Frame grades tested for sprout value in 1913 (table 2). 1, large 
plump; 2, small plump; 3, small shrivelled; 4, dough stage. Relative 
weights of seed 100, 59, 54, 53. Relative sprout values of seed 100, 68, 
50, 58. Slightly enlarged 
moisture in seed tested was determined from a parallel sample. 
In column 10 is given the weight of the inert seed residue remain-
ing after the seedling extracted all available reserve food. In 
column 11 is given the actual weight of substance contained in 
the seed planted which was not recovered in either the vegetative 
growth or the inert seed remains. The ratio of this loss to the 
original weight of the seed is given in column 12. This loss in 
TABLE 2- Summary of sprout value determinations for different grades of wheat seeds (1913 crop) 
Weight Sprout value of 100 seeds (moisture-free) Weight Loss of seed 
No. of of 100 of 100 substance 
Kind of seed seeds seeds Stem growth Root growth Total vegetative seed for 100 seeds' 
tested tested (moist- growth remains 
ure-free) . Ratio . Ratio . Ratio (moist- Rati( 
Weight to seed Weight to seed Weight to seed ure - free) Weight to see d 
(1) Grams Grams Grams I Grams I Grams Grams (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 
T URKEY RED WINTER WHEAT (P URE STRAIN No. 42) 
Unselected . . . ... . . 1,070 1.83 .890 .48 .332 .18 1.222 .67 .181 .40 .22 
Large plump . .. . .. 1,208 2.84 1.091 .38 .542 .19 1.633 .57 .255 .95 .33 
Large shrivelled .... 1,142 1.81 .728 .40 .241 .13 . .969 .53 .176 .66 .36 
Small plump ... ... 1,000 1.52 .624 .41 .320 .21 .944 .62 .158 .41 .27 
Small shrivelled .... 992 1.35 .441 .33 .217 .16 .658 .49 .163 .53 .39 
Dough stage .. .... 1,500 1.62 .488 .30 .306 .19 .794 .49 .181 .65' .40 
TURKEY RED WINTER WHEAT (STANDARD VARIETY) 
Unselected ... ..... 1,062 2.25 .702 .31 .413 .18 1.115 .50 .212 .92 .41 
Large . .. ... ... . ... 1,340 2.98 1.054 .35 .588 .20 1.642 .55 .236 1.10 .37 
Medium size . . . ... 1,502 2.62 .865 .33 .512 .19 1.377 .53 .197 1.05 .40 
Small .. . .. ........ 1,433 1.99 .804 .40 .461 .23 1.265 .64 .253 .47 .24 
H orny .... .. . . . . .. 1,420 2.04 .723 .35 .347 .17 1.070 .52 .186 .78 .38 
Starchy ... ..... ... 1,310 2.66 .868 .33 .496 .19 1.364 .51 .203 1.09 .41 
BIG FRAME WINTER WHEAT 
Unselected . 1,222 2.38 .736 .31 .401 .17 1.137 .48 .207 1.03 .43 
Large plump . 1,440 2.71 .842 .31 .560 .21 1.402 .52 .236 1.07 .39 
Large shrivelled . 1,531 2.25 .754 .33 .564 .25 1.318 .59 .154 .78 .35 
Small plump ... .. . 1,428 1.60 .566 .35 .396 .25 .962 .60 .152 .49 .31 
Small shrivelled . . 1,407 1.46 .439 .30 .252 .17 .691 .47 .154 .61 .42 
D ough stage ... 1,503 1.45 .486 .33 .331 .23 .817 .56 .123 .51 .35 
Horny . ..... . 1,241 2.14 .682 .32 .406 .19 1.088 .51 .181 .87 .41 
Starchy .... . ... . . . 1,310 2.43 .709 .29 .497 .20 1.206 .50 .202 1.02 .42 
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TABLE 2 Continued- Summary of sprout value determinations for different grades of wheat seeds 
(1913 crop) 
No. of 
Kind of seed seeds 
tested tested 
(1) (2) 
Unselected ... . . .. . l 1,200 I 
Large. . . . . . . . . . . . . 1,221 
Small . . . . . . . . . . . . . 1,211 
1J 
L: 
:s 
nselected .. . . . . .. 
uge ..... . .. . . . .. 
nail . . . ... . ...... 
verage, all wheat . 
1,340 
1,480 
1,412 
1,305 
Weight 
of 100 
seeds 
(moist-
ure - free) 
Grams 
(3) 
2.02 
I 2.49 1.74 
2.21 
2.50 
1.63 
2.10 
Sprout value of 100 seeds (moisture-free) 
Stem growth Root growth Total vegetative growth 
Ratio Ratio Ratio 
Weight to seed Weight to seed Weight to seed 
Grams Grams Grams 
(4) (5) (6) (7) (8) (9) 
SCOTCH FIFE SPRING WHEAT 
.913 
I 
.45 I .476 I 
.24 
I 
1.389 
I 
.69 
.994 .40 .426 .17 1.420 .57 
.589 .34 I .244 .14 .833 .48 
MARQUIS SPRING WHEAT 
.950 .43 .202 .09 1.152 .52 
1.130 .45 .364 .15 1.494 .60 
.777 .48 .258 .16 1.035 .63 
.763 .36 .390 .19 1.154 .55 
Weight Loss of seed 
of 100 substance 
seed for 100 seeds1 
remains 
(moist- Ratio ure-free ) Weight to seed 
Grams Grams 
(10) (11) (12) 
I 
.207 .42 
I 
.21 
.214 .86 .34 
.137 .77 .44 
.243 .81 .37 
.228 .77 .31 
.180 .41 .25 
.193 .75 .36 
1Results recorded in column (11 ) are the difference in moisture-free weight between the total vegetative growth plus the inert seed 
remains, and the original weight of the seed. This loss can be accounted for by respiratory activity and other complex metabolic changes. (See 
pages 20-23.) 
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Fig. 3- Spring wheat grades tested for sprout value in 1913 (table 2). 1 and 
2, Scotch Fife large and small seeds; relative weights of seed 100, 76; 
relative sprout values of seed 100, 60 . 3 and 4, Marquis large and small 
seeds; relative weights of seed 100, 65; relative sprout values of seed 
100, 69. Slightly enlarged 
Fig. 4- P lant growth secured entirely from reserve food in wheat seeds. 
This wheat growth was secured in absolute darkness at 30° C. in a non-
nutritive quartz medium watered with distilled water, for the purpose of 
determining its sprout value. The moisture-free weight of the stem and 
root growth obtained under these conditions has been termed "sprout 
value " 
TABLE 3-Summary of sprout value determinations for different grades of wheat seeds (1914 crop) 
Weight Sprout value of 100 seeds (moisture-free) Weight Loss of seed 
No. of of 100 of 100 substance 
Kind of seed seeds seeds Stem growth Root growth Total vegetative seed for 100 seeds1 
tested tested (moist- growth remains 
ure - free) Ratio . Ratio 
. I Ratio (moist- Ratio Weight to seed Weight to seed Weight to seed ure- free) Weight to seed 
Grams Grams Grams I Grams I Grams Grams (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 
TURKEY RED WINTER WHEAT (P URE STRAIN NO. 42) 
Unselected . . .. ... · 1 981 I 1.83 
I 
.514 
I 
.28 
I 
.334 
I 
.18 
I 
.848 
I 
.46 
I 
.254 
I 
.73 
I 
.40 
Large plump . . . . . . 843 2.66 .694 .26 .466 .17 1.160 .44 .416 1.08 .41 
Small plump . . . . . . 900 1.94 .604 .31 .247 .13 .851 .44 .298 .79 .41 
Small shrivelled . . . . 1,050 1.13 .286 .25 .134 .12 .420 .37 .222 .48 .42 
BIG FRAME WINTER WHEAT 
Unselected ....... · 1 994 1.94 .516 
I 
.27 
I 
.194 
I 
.10 
I 
.710 
I 
37 I 
.317 
I 
.91 
I 
.47 
Large plump . .... . 860 2.52 .702 .28 .313 .12 1.015 .40 .316 1.18 .47 
Small plump . .... . 845 1.89 .604 .32 .256 .13 .860 .45 .231 .79 .42 
Small shrivelled .... 922 1.18 .325 .27 .075 .06 .400 _34 · .176 .60 .51 
SCOTCH FIFE SPRING WHEAT 
Unselected . ..... . · 1 744 I 2.00 
I 
.901 
I 
.45 
I 
.345 
I 
.17 
I 
1.246 
I 
.62 
I 
.203 
I 
.55 
I 
.27 
Large . ... ...... ... 850 2.37 .674 .28 .486 .20 1.160 .49 .201 1.01 .43 
Small .. .... . .... .. 700 1.70 .540 .32 .215 .13 .755 .44 .119 .82 .48 
MARQUIS SPRING WHEAT 
Unselected .. . .... ·1 750 I 2.11 
I 
.771 
I 
.36 
I 
.281 
I 
.13 
I 
1.052 
I 
.50 
I 
.230 
I 
.83 
I 
.39 
Large. . .. .... . .. . . 844 2.41 .970 .40 .299 .12 1.269 .53 .231 .91 .38 
Small ............ . 693 1.47 .650 .44 .201 .14 .851 .58 .148 .47 .32 
Average, all wheat ........ 1.94 .625 .32 .274 .14 .899 .46 .240 .79 .41 
Results recorded in column (11) are the difference in moisture-free weight between the total vegetative growth plus the inert see l 
remains, and the original weight of the seed. This loss can be accounted for by respiratory activity and other complex metabolic changes. 
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TABLE 4- Summary of sprout value determinations for dijf erent 
grades of wheat seeds. Data calculated on basis of the original 
unselected seed as 100 per cent (1913 crop) 1 
Relative sprout values of 100 seeds 
Relative (moisture-free) 
Kind of seed weights of 
100 seeds Total veg-
Stem growth Root growth etative growth 
P er cent Per cent Per cent P er cent 
(1) (2) (3) (4) (5) 
TURKEY RED WINTER WHEAT (PURE STRAIN N O. 42) 
Unselected . . . . . . . . . 100 100 100 100 
Large plump . . . . . . . . 155 123 163 134 
Large shrivelled . . . . . 99 82 73 79 
Small plump .. . 83 70 96 77 
Small shrivelled. . . . . 7 4 50 65 54 
Dough stage .. .. . . .. 89 55 92 65 
T URKEY RED WINTER WHEAT (STANDARD VARIETY) 
Unselected . . . . . . . . . 100 100 100 100 
Large . . . . . . . . . . . . . . 132 150 142 147 
Medium . . . . . . . . . . . 116 123 124 123 
Small. . . . . . . . . . . . . . 88 115 112 113 
Horny ... . . .. . ... . . 91 103 84 96 
Starchy . . . . . . . . . . . . 118 124 120 122 
Unselected ...... . . . 
Large plump . ...... . 
Large shrivelled . . .. . 
Small plump . . . .. . . . 
Small shrivelled .... . 
Dough stage .. . . . . . . 
Horny .. ..... .. .. . . 
Starchy .. .. . ... . .. . 
Unselected .. . . . . .. · 1 
Large .. . ...... . . . . . 
Small . .. . .. . .. . . .. . 
Unselected . .... ... · 1 
Large . ....... . .... . 
Small . ..... . . . .... . 
B IG FRAME WINTER WHEAT 
100 100 I 100 
IM IM 1~ 
95 102 141 
67 77 99 
61 00 ~ 
61 66 83 
90 93 101 
102 96 124 
SCOT CH FIFE SPRING WHEAT 
100 100 I 100 
123 108 89 
86 65 51 
MARQUIS SPRING WHEAT 
100 I 100 I 
113 I 119 
74 82 
100 
180 
128 
lThese data are calculated from table 2. 
100 
123 
116 
85 
61 
72 
96 
106 
100 
102 
60 
100 
130 
90 
substance is largely due to respiration and somewhat to other 
metabolic processes. 
Altho there are some irregularities, due doubtless in part to 
experimental error, there is a marked general relationship between 
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the original weight of the seed and its sprout value, as may be 
seen upon a study of the tables. 
As an average for all the grades of seed tested in 1913 and 
1914, the total sprout value of the seed equaled 54.2 per cent 
and 46.3 per cent of the weight of seed planted in 1913 and 1914 
respectively. The total loss of substance not recovered in either 
the sprout or the inert seed residues equaled 36.3 per cent and 
40.7 per cent respectively in 1913 and 1914. · 
TABLE 5-Summary of sprout value determinations for dijf erent 
grades of wheat seeds. Data calculated on basis of the original 
unselected seed as 100 per cent (1914 crop )1 
Relative sprout values of 100 seeds 
R elative (moisture-free) 
Kind of seed tested weights of 
100 seeds Total veg-
Stem growth Root growth etative growth 
P er cent P er cent P er cent 
T URKEY R E D WINTER WHEAT (PUR E STR AI N N O, 42) 
Unselected ... . .... · 1 100 100 I 100 I Large plump. . . . . . . . 145 135 140 
Small plump ...... . . 106 117 74 
Small shrivelled. . . . . 62 56 40 
Unselected . . .... . . · 1 
Large plump ....... . 
Small plump ... . .. . . 
Small shrivelled . . .. . 
Unselected . . ..... . · 1 
Large ..... . . . .... . . 
Small ... . . . . ... . .. . 
Unselected . . . ... . . · 1 
Large ... . . . . . . . ... . 
Small . . . . . . . .... . . . 
BIG FRAME WINTER WHE AT 
il8 
1
, ii~ I ii~ I 
97 117 132 
61 63 39 
SCOTCH FIFE SPRIN G WHEAT 
100 I 100 100 
118 75 141 
85 60 62 
MARQUIS SPRIN G WHEAT 
100 I 100 114 126 
70 84 
100 
106 
72 
1These data are calculated from table 3. 
P er cent 
100 
137 
100 
50 
100 
143 
121 
56 
100 
93 
61 
100 
121 
81 
Tables 4 and 5 contain a brief summary of the sprout value 
determinations and show the ratios of the various grades of 
seed (for each variety) to the original unselected seed. 
The principle is clearly brought out in table 6, which is a 
grand summary table compiled from tables 2 and 3. The grades · 
for all varieties tested during the 2 years are here grouped into 
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the three grades-(1) original, (2) large, and (3) small. The 
ratios for the moisture-free weight of the unselected seed to the 
large and small seed were respectively 100 :127 and 100 :85, while 
the ratios for the total sprout value were 100 :123 and 100 :88 
respectively. This would indicate a rather close relationship 
between the size of the seed and its sprout value. 
TABLE 6- Summary of the sprout value determinations for three 
distinct grades of all wheat varieties tested in 1913 and 19141 
Relative Relative sprout values of 100 seeds 
Kind of seed tested weights of 
(moisture-free) 
100 seeds Total veg-Stem growth Root growth etative growth 
P er cent P er cent Per cent P er cent 
1913 CROP 
Unselected ... . . .. . 1 100 100 100 100 
Large2 . . ..•.... . . . . 126 122 136 126 
Small3 ••• •• .• .•• • •• 80 82 97 85 
1914 CROP 
Unselected . .... ... · 1 100 100 100 100 
Large2 .... .. ....... 127 118 137 123 
Small3 .. .. ... ...... 89 94 85 91 
AVERAGE 1913 AND 1914 
Unselected . . .. .... . I 100 100 100 100 
Large2 • • ••• •• • • •• • • I 127 120 137 125 
Small3 • • • . •• •••• • •• 85 88 91 88 
1 These data are calculated from tables 2 and 3. 
Seed classes indicated in tables 2 and 3 as " large" and " large plump" seed are here averaged 
in one group designated as "large" seed. 
3Seed classes indicated i'n tables 2 and 3 as" small" and" small plump" seed are here averaged 
in one group designated as "small" seed. 
L OSS OF SEED SUBSTANCE THRU RESPIRATION 
The sprout value determinations given in tables 2 and 3 
indicate that an actual loss of seed substances occurred which 
was not recovered in either the vegetative growth or the inert 
seed residue. A respiration test was made in triplicate which 
partially accounts for this loss. 
Apparatus was set up as shown in figure 5. Two hundred 
small plump Turkey Red wheat seeds were planted in the 20-
liter, light-proof bottle No. 1, containing a small quantity of 
nonnutritive quartz medium. The seed was watered with 
distilled water from bottle No. 2 and the air was syphoned off 
thru bottle No. 3. U-tubes Nos. A2, and A3 contained KOH 
which extracted all CO2 from the air passing thru them. U-tubes 
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Bi, B2, and Ba contained H2S04, which extracted all moisture 
from the air. The U-tubes A1 and A2 prevent external atmos-
pheric CO2 from entering the wheat bottle No. 1. U-tube 
B1 prevents any moisture reaching U-tube No. Aa which extracts 
and retains the CO2 liberated from the sprouting wheat in bottle 
No. 1. Some water is formed by chemical action when the CO2 
combines with the KOH in U-tube No. Aa, This moisture is 
taken up by the H2S04 in U-tube No. B2, Thus the difference 
3 Bs B2 As B, 1 A2 2 A, 
Fig. 5-(1) Light proof bottle in which seedlings were grown in a nonnutritive 
quartz medium. (2) Bottle of distilled water for watering seedlings. 
(3) Bottle of water for syphoning off air. (A,, A,, A,) U-tubes containing 
K O H for extracting CO2 from air. (Bi, B,, Ba) U-tubes containing H 2 
so. for extracting moisture from the air 
between initial and final weights of U-tubes Aa plus B2 indicates 
the amount of CO2 given off by the wheat seedlings as the result 
of respiration during germination and growth to the stage where 
all reserve food stored in the seeds has been translocated. The 
U-tube Ba removes all moisture from any possible back-flow of 
air from bottle No. 3. 
The seedlings were grown in bottle No. 1 entirely from the 
reserve food within the seed until the supply was exhausted and 
further growth terminated. Under the temperature conditions 
of this test a period of 14 days was required to exhaust this 
reserve food supply within the seed. The seedlings were then 
carefully washed from the sand, and the dry matter in the root 
TABLE 7- Loss of seed substance as carbon dioxide (CO~) by respiration of germinating Turkey Red 
winter wheat seed. Growth dependent entirely upon reserve food of seed 
I Sprout value per seed 
Carbo~ dioxide (moisture-free) 
Average Gain in loss per seed Unaccounted 
T est No. seed weight Days' Plants weight Total vegetative Seed Plant gain over (moisture- growth grown of tube growth residue returned I original seed free) Stem Root weight' 
Weight Ratio growth growth Ratio 
to seed Weight to seed 
---
--------
---- ---
-----------
Grams Grams Grams Grams Grams Grams Grams Grams Grams 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) 
1. .. .. . ... .01711 14 138 .9318 .00675 .3945 .00663 .00138 .00801 .4681 .00260 .01061 .00025 
2 ... ... .. . .01711 14 183 1.2524 .00666 .3893 .00681 .00136 .00817 .4775 .00287 .01104 .00059 
3 ..... .. .. .01711 14 163 1.0921 I .00672 .3927 .00672 .00137 .00809 .4728 .00273 .01082 .00043 
Average . . .01711 14 161 1.0921 .00671 .3922 .00672 .00137 .00809 .4728 .00273 .01082 .00042 
1This item consists of the total vegetative growth plus the inert seed residue as given in columns (10) and (12). 
' This item consists of the differen ce between the original seed weight and t he sum of the CO, loss (column 6), the total vegetative 
growth (column 10), and the inert seed residue (column 12) . 
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and stem growth and inert seed remains determined. The 
results of the three separate tests are given in table 7 together 
with the average for all three tests. The average dry matter in 
the total vegetative growth (stem and root growth) equaled 47.28 
per cent of the original dry matter in the seed. The average 
carbon dioxide liberated equaled 39.22 per cent of the original 
moisture-free seed. The combined weights of the root growth, 
stem growth, CO2, and inert seed residue exceeded the moisture-
free weight of the seed 2.4 per cent. This slight discrepancy 
may result in part from the manner of determining the moisture-
free weight of the seed planted. The sample to be germinated 
could not be dried at 110° C. without destroying its viability. 
Consequently, the moisture-free weight of a parallel sample from 
the same composite lot of seed was used. The samples may not 
have been exact duplicates. 
RELATION OF SIZE AND SPROUT VALUE OF SEED TO YIELD AT DIFFERENT 
DEPTHS OF PLANTING 
For the purpose of supplementing the sprout value determina-
tions 10-20) with wheat seeds of various grades, several 
distinct grades of fall and spring wheat were grown during 1914 
and 1915 at different depths of planting in the wheat nursery. 
The object of the tests was to determine the relation of size and 
sprout value of wheat seed to its relative ability to germinate, 
grow, and yield as the depth of planting is increased. (The 
customary depth in farm practice is about 2 inches.) 
All plantings were made by hand at the ordinary field rate, in 
duplicate nursery blocks containing 5 rows, feet long and 8 
inches apart. The two outside rows of each block were dis-
carded at time of harvest to eliminate the effect of competition 
between plats. 
The results for 3 grades of Turkey Red winter wheat planted 
1, 3, and 5 inches deep are recorded in table 8, while table 9 
summarizes the results for two grades each of Scotch Fife and 
Marquis spring wheat. 
In case of the winter wheat, as shown in table 8, small plump 
winter wheat seed appeared to be at no disadvantage when 
planted up to a depth of 5 inches, as compared with large plump 
seed, even tho the sprout value was only 64.3 per cent as 
large. However, the small shrivelled seed, having only 38.6 per 
cent as much sprout value as the large plump seed, was at a 
marked disadvantage when planted either 3 or 5 inches deep. 
·· As an average for the two varieties of spring wheat, small 
seed (having a relatively lower sprout value of 29.7 per cent than 
the large seed) was at a relatively greater disadvantage than the 
TABLE 8- Summary of Turkey Red winter wheat grades compared at three depths of planting (two- ~ 
year average, 1914 and 1915) 
Seed planted 
Kind of seed planted Weigh t Sprout No. of Germination No. of 
of 100 value seeds D epth culms 
seeds of 100 p lanted planted Field Lab- per row 
seeds oratory 
------
Grams Grams I nches Per cent P er cent (1) (2) (3) (4) (5) (6) (7) (8) 
ONE INCH DEEP 
Large plump . ..... ........ .... ... 2.75 1.396 180 1 79.1 87.5 354.8 
Small plump . ...... ... ........ ... 1.73 .897 180 1 79.2 84.5 338.0 
Small shrivelled ...... .. .... .. ..... 1.24 .539 180 1 70.4 80.7 306.5 
THREE INCHES DEEP 
Large plump . .. . . . . ........ .. . . . . 2.75 1.396 180 3 74.2 87.5 337.8 
Small plump ....... . . .... . .. . .... 1.73 .897 180 3 68.4 84.5 301.3 
Small shrivelled .. .. ... ... ......... 1.24 .539 180 3 66.1 80.7 250.6 
FIVE INCHES DEEP 
Large plump ..... .......... . ..... 2.75 1.396 180 5 33.2 87.5 196.8 
Small plump . .. ...... . ... . ... .. . . 1.73 .897 180 5 36.3 84.5 208.3 
Small shrivelled .. . ..... . . . . ... ... . 1.24 .539 i80 5 18.7 80.7 94.0 
RELATIVE RESULTS BASED ON LARGE SEED 
Per cent P er cent P er cent 
ONE INCH DEEP 
Inches Per cent Per cent Per cent 
Large plump ....... . . ... .. . .. ... . 100.0 100.0 100.0 1 100.0 100.0 100.0 
Small plump . .. . ..... ... .......• . 62.9 64.3 100.0 1 100.1 96.6 95.3 
Small shrivelled ...... . ...... . .. . .. 45.1 38.6 100.0 1 89.0 92.2 86.4 
THREE lNCHES DEEP 
Large plump ........ . ...... ... ... 100.0 100.0 100.0 3 100.li 100.0 100.0 
Small plump .. .. .... . .. .. .. . .. ... 62.9 64.3 100.0 3. 92.2 96.6 89.2 
Small shrivelled ........ .. . . . .... .. 45.1 38.6 100.0 3 89.1 92.2 74.2 
FIVE INCHES DEEP 
Large plump .. ..... ........ . ... .. 100.0 100.0 100.0 5 100.0 100.0 100.0 
Small plump .... . .. ..... ... . .. .. . 62.9 64 .3 100.0 5 109.3 96.6 105.8 
Small shrivelled . . ....... . .. ... . . .. 45.1 38.6 100.0 5 56.3 92.2 47.8 
1Average of ratios for 2 years. 
Crop harvested 
Yield per row 
I Ratio Grain Straw Total grain to 
straw1 
-------------
Grams Grams Grams 
(9) (10) (11) (12) 
130.6 385.3 515.9 .33 
138.0 370.4 508.4 .36 
121.8 335.2 457.0 .36 
157.8 400.3 558.1 .39 
146.0 354.1 500.1 .46 
119.1 285.8 404.9 .41 
100.8 255.7 356.5 .37 
107.3 282.7 390,0 .37 
58.0 144.6 202.6 .24 
P er cent Per cent Per cent Per cent 
100.0 100.0 100.0 100:0 
105.7 96.1 98.5 110.0 
93.3 87.0 88.6 110.0 
100.0 100.0 100.0 100.0 
92.5 88.5 89.6 118.0 
75.5 71.4 72.5 105.1 
100.0 100.0 100.0 100.0 
106.5 110.5 109.4 100.0 
57.5 56.5 56.8 64.9 
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TABLE 9-Summary of spring wheat grades compared at four depths of planting two-year average
1914 and 1915
·-
.. 
Seed planted Crop barvl'Sted 
Gra,de of se~d planted Weig~~ ' Sprout No. of Germinatiim No. of Yield per row 
of 100 value seeds Depth culms Ratio wt. 
seeds of 100 planted planted Field Lab- per row Grain Straw TQta\ grain to 
l!OOdS oratory wt• straw• 
------------------
Gram• Grams Inches Pe:r cent P,:r cent Grams Grams Gram, (1) (2) (3) (4) (5) (6) (7) (8) (9). (10) (11) (12) 
Large .. .. .. . .. .......... . .. . ... 2.44 1,336 180 1 70.0 84.6 igi:t 35.3 224.l 259.4 .17 Sll11.lll . .•. . .. . .• .. . . •. • . . • .... . . 1.64 .868 180 1 65.7 84.2 29.8 226.1 255.9 .13 
Le.rge . .. • ... • .. .... . . ... .... . .. 2.44 1.336 180 3 69.4 84.6 223.0, 46.0 275.7 321.7 
-18 
Small .... • . . . .. .. . .. .. . . • . . .. • . 1.64 .868 180 3 65.0 &4.2 182.8 27.2 229.0 25~.2, .13 
Large .... .. . . .... , ... . .. . . . . .. . 2.44 1.336 180 4 55.9 84.6 175.5 31.8 218.1 249.9 .15 
S~all ......... .... ...... •. ... • . 1.64 .868 180 4 48.7 84.2 117.6. 20.1 1&6.6. 176.7 .14 
~~t::::::: :::::: ::: :::: ::::: 2 .. 44 1.336 180 6 27.7 84.6 39.2 14.& 62.2 77.0 .24 1,64 .868, 180 6 25.5 a4.2 16.9. 9.3 <\4.3 53.6 .21 
RELATIVE l\ESULT~ BASED O:til LARGE SEED 
Pe:r cent Pe:r cent Pe:r cent Inc/ies Per cent Pe:r c,mt 
I. 
Pe:r cent P e:r cent P e:r cent Per ce71t Pe:r cenl 
Large . ...... ... . ... ...• .. ... . . . . 100.0 100.0 100 .• 0 1 ' 100.0 100.Q 100.0 100.0 10().0 l<\0.0 10(),0 
Small . .. . ... . . .. . ,, . ,., . . . .. , . . 67.2 64.9. 100.0 1 93.9 99,5 ~2.9 84 ,4 100.9 9ij.6. 7~.5 
Large ..... .... .. ,, . ... : . . . •. . .. 100.0 100.0. 100,0 3 . 100.0 100,0 100.0 100,0 100.0 100.0 100.0 
Sl)lall .. ... . .. . . . . .. . .. , .. . .. , . , 67.2 64.9 100.0 3 93.7 99,5 82.0 ·59,1 83,l 79.6. 72.2 
Large ... .. ,, .... . . .. , .. , . .' •. .. . 100.0 100.0, 100.0 4 100,0 100.0 10().(,l. 100.(,l, 100.0 100.0 100.0 
Sll)all ... . ,, .. . . ,.,,, .. ,, .. .. , , , 67.2 64.9. 10.Q.0 4 lj7.1 ~9.5 67.0 63,2 71.8 70.7 93.3 
Large . . .. . .. , , .. ..... .. ..... . .. 100.0 100.0 , 100.0 6 100.0 100.0 100.0 100.0 100.0, 100,0 100.0 
Sg,all .. .. . . ... . ...... ,, . . , , , .. . 67.2 64.9 100.0 6 !;12.1 99.5 43.1 ~2.8 71.2 69.6 87.5 
-
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large seed when planted 3 or more inches deep. The disadvantage 
of the small seed increased somewhat irregularly as the depth of 
planting increased. 
Where the stand and yield of wheat were reduced by too deep 
planting, it is apparent that the reduction was not consistently 
proportional to the reserve food content of different grades. 
COMPETITION BETWEEN PLANTS OF CEREAL CROPS 
Most seed of the cereal crops as prepared for planting by the 
farmer is a composite of large, small, and intermediate sizes. It 
is of interest to know the effect of competition upon the relative 
behavior of plants grown from the large and small seed when 
planted thus in close proximity. 
It is also of interest to know the extent to which the principle 
of competition may act as a factor in maintaining or improving 
the yield of cereal crops. Montgomery (1912), in an earlier bulle-
tin from this Station on "Competition in Cereals," has suggested 
"it is possible that the custom of placing in the soil seeds for two or 
three times as many plants as are really necessary to occupy the 
land has resulted in a continuous natural selection of the strongest 
and most productive." Within a variety, there would seem to 
be a continual natural elimination of the least adapted types or 
strains as the result of competition. 
In the investigations which follow, the conclusions are based 
upon the yields of grain and straw, and the number of culms. 
TABLE 10- Error in separation of mature wheat crop into individual 
plants 
Total number Number of 
Kind of crop Year of plants incorrect Error in 
examined separations separation 
Per cent 
Winter wheat .. . ........ 1915 8,640 553 6.4 
Spring wheat ........... 1916 3,540 312 8.8 
The number of plants surv1vmg at harvest time was not 
determined because tests indicated that reliable separations of 
the crop into individual plants could not be made where plants 
of only one variety were grown. In two experiments where 
alternating plants of bearded and beardless varieties of wheat 
were grown 0.5 inch apart in the row, a separation of plants 
based upon the appearance of the roots was made. Following 
this separation, an examination of the heads within a supposedly 
Relation of Size of Seed and Sprout Value to Yield 27 
single plant indicated in many cases a mixture of varieties. 
The degree of such error in the separation of plants averaged 
7 .6 per cent as shown in table 10. 
EFFECT OF COMPETITION BETWEEN PLANTS GROWN FROM SEEDS DIFFERING 
MARKEDLY IN SIZE AND SPROUT VALUE 
The plan of this experiment was to alternate in the row, at 
the ordinary field rate of planting, both large and small wheat 
seeds, and to determine at harvest the relative productiveness
of the two grades as compared with the relative yields when 
planted alone. The investigation was made with both winter 
and spring wheat. In order to enable a separation of mature 
plants, grown in competition, it seemed necessary to use two 
varieties of wheat with some definite distinguishing feature. 
Consequently, a bearded and a beardless variety were chosen for 
both the winter and the spring wheat. These were respectively
Turkey Red and Big Frame for the winter wheat, and Scotch 
Fife and Marquis for the spring wheat. Reciprocal tests were 
made in which, for example, large seed of Turkey Red was 
alternated with small seed of Big Frame in the one case and small 
seed of the Turkey Red and large seed of the Big Frame in the 
other. By this arrangement, the effects of variety competition 
were largely counterbalanced. 
The plats used were 7 feet long and contained 5 rows spaced 
8 inches apart. No additional space was left between plats, but 
the two outside rows were discarded in all cases to prevent the 
effect of plat competition as a source of error. The seeds were 
spaced one-half inch apart in the row which corresponds to the 
normal rate used in farm practice. 
The initial number of plants was counted for each plat and 
the per cent stand or field germination calculated. One hundred 
and eighty seeds were planted per row. In these rows where 
alternating seeds of the two varieties were planted in competition, 
only 90 seeds of each variety were used per row. The yields, 
however, have been calculated on the basis of 180 seeds planted 
in all cases in order that the data be comparable. 
The number of culms and the yield of grain and straw per 
180 seeds planted were determined for all tests. 
The results are contained in tables 11 to 14 and are sum-
marized in table 15. In these tables, the ratio of results from 
small · seed to the results from large seed has been calculated. 
At the bottom of each table is given the average of ratios between 
grades for reciprocal varieties. Thus, the effect of variety differ-
ences and variety competition has been eliminated in the sum-
mary data, because both the small and the large seed are repre-
sented by both varieties. 
TABLE 11- Yields from large and small wheat seed when planted alone and in competition (1915) 
Seed planted Crop harvested 
Kind of seed and manner of planting Weight Sprout No. of Germination No. of 
Yield per 180 seeds planted 
of 100 value seeds culms I Ratio 
see·ds of 100 planted Field Lab- per 180 Gr:ain Straw Total of grain 
seeds oratory seeds to straw 
----
----
----
--------
----
--------
Grams Grams P er cent P er cent Grams Grams Grams (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 
LAEGE BIG FRAME AND SMALL 
TURKEY RED 
Grades alone 
Large Big Frame . ... .. ..... . ..... . . ..... 2.52 1.015 180 83.8 86 368 142 496 638 .29 
Small Turkey Red ............ . .. . ..... . . 1.94 .851 180 71.4 80 373 169 461 630 .37 
' Ratio, small T. R. to large B. F .. .. ....... .77 .84 1.00 .85 .93 1.01 1.19 .93 .99 1.28 Grades competing · 
Large Big Frame .. . ... . . . . ...... .. ..... . 2.52 1.015 90 { 78 } 86 440 184 542 726 .34 Small Turkey R ed . ... ............. . . .. .. 1.94 .851 90 80 316 128 340 468 .38 
Ratio, small T. R. to large B. F ... ... .. . .. 
.77 .84 1.00 ........ .93 .72 .70 .63 .64 1.12 
LARGE TURKEY RED AND SMALL 
~ BIG FEAME 
Grades alone 
Large Turkey Red .. .. ... . . ..... . ...... .. 2.66 1.160 180 77.2 80.5 389 161 453 614 .35 
Small Big Frame .. ..... .... ........ . . ... 1.89 .860 180 81. 1 85.0 347 128 465 593 .27 
Ratio, small B. F. to large T. R ... .... .. .. .71 .74 1.00 1.05 1.06 .89 .80 1.03 .97 .77 
Grades competing 
Large Turkey Red .... .... .... ... .... .... 2.66 1.160 90 { 80 } 80.5 368 150 402 552 .37 Small Big Frame .... ........ .. ....... .. . 1.89 .860 90 85.0 360 146 376 522 .39 
Ratio, small B. F. to large T . R .... . ...... .71 .74 1.00 1.06 .98 .97 .93 .95 1.Q5 
AVERAGE OF RATIOS BETWEEN 
GRADES FOR RECIPROCAL VARIETIES 
Grades alone . 
Ratio, small to large ... ...... .. . .. .. . . . .. .74 .79 1.00 .. ... .. . .99 .95 .99 .98 .98 1.02 
Grad.es competing 
Ratio, small to large .. ... ... .. .. • ....•... .74 .79 1.00 . .. . .... .99 .85 .83 .7& .79 1.08 
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TABLE 12 Yields from large and small wheat seed when planted alone ·and in -competition 1914
Seed planted Crop harvested 
Kind o1 seed and manner of planting We/ght Sprout No. of 
Germination No. of Yield per 180 seeds planted 
o! 100 va1ue seeds culms Rat io 
seeds of 100 planted Field Lab- per 180 Grain Straw Total of grain 
seeds oratory seeds to straw 
---------- --------- ----- ---
Grams Grams Per cent Per cent Grams Grams Grams 
L!,.RGE BIG F'R).1(rn ANb SMALL (l!) (3) (~) (5) (6) (7) (8) (9) (10) (11) 
TURKEY RED 
Grades alone 
Large Big Frame , .... . ...... .... ..... ... 2.71 1.402 180 80 89 308.9 100.6 362.4 463.0 .28 
Small Turkey Red ........... ... ..... . . .. 1.5l! .944 180 82 90 374.1 99.9 384.4 484.3 .26 
Ratio, small T. R. to large 13. F . .......... .56 .67 Loo 1.02 1.01 1.21 .99 1.06 1.05 .93 
Grades competing 
2.71 1.402 90 \ 80.2 } 89 Large Big Frame , .. ... . .. . .............. 305.8 93.2 372.0 165.2 .25 Small Turkey Red .. . .. .. • . .... .. ..... . ... l.5l! .944 90 90 326.4 81.6 354.4 436.0 .23 
Ratio, small T. R . to large 13. F . .. . . ..... . .56 .67 l.00 .. . .. . .. l.01 1.07 .88 .95 .94 .92 
LARGE TURKEY RED A'Nb SMALL 
BIG FRAME 
Grades alone 
Large Turkey Red .... . .... ... . . ......... 2.84 1.633 180 83 89 357.9 111.2 375.9 487.1 .29 
Small Big Frame .......... . . . . ..... . .... 1.60 .962 180 79 92 279.6 91.3 311.5 402.8. .29 
Ratio, small B. F. to large T . R ... ........ .56 .59 1.00 .95 1.03 .78 .82 .83 .83 1.00 
Grmtes conrpetilfg 
2.84 1.633 90 { 81 } 480.0 Large Turkey Red . ........ .... . . .. .. . . .. 89 132.2 565.4 697.6 .23 Small Big Frame ... .... . . .. . .. ... . .... . . 1.60 .962 90 92 213.8 46.8 276.6 323.4 .17 
Ratio, small B. F. to large T. R . ... . .... . . .56 .59 . . . . . . . . .. ...... 1.03 .4!1 .35 .49 .49 .74 
AVERAGE OF RATIOS :BETWEEN 
GRADES FOR RECIPROCAL VARIETIES 
Grades alone 1.00 Ratio, small to large .. ...... .. . . .. ... . ... .56 .63 .. . .. . . . 1.02 
.99 1 .90 .94 .94 .96 G:rades comp_etin~ 
.56 .63 Ho 1.02 .75 R11ti"o, small to u-ge . . .. ...... . . .... . ... . ... ... . . .61 .72 .71 .83 
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TABLE 13- Yields from large and small wheat seed when planted alone and in competition (1914) 
Seed planted Crop harvested 
Kind of seed~and~manner of planting Weight Sprout No. o! Germination No. o! Yield per 180 seeds planted 
of 100 value seeds culms Ratio 
seeds of 100 planted Field Lab- per 180 Grain Straw Total of grain 
seeds oratory seeds to straw 
---------------
---------
,---
Grams Grams Per cent P er cent Grams Gram,s Grams (1) 
LARGE SCOTCH FIFE AND SMALL 
(2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 
Grades alone 
MARQUIS 
Large Scotch Fife ........... . .. .. ...... .. 2.49 1.420 180 77 89 328.4 38 314.0 352.0 .12 
Small Marquis ..... .... ...... . ... . ..• . .. 1.63 1.035 180 68 87 300.4 43 314.0 357.0 .14 
Ratio, small M. to large S. F . .... . .. .. .... .65 .73 1.00 . . . . . . . . .98 .92 1.13 1.00 1.01 1.17 
Grades competing 
Large Scotch File ..... , . . ....... . ........ 2.49 1.420 90 { 73 } 89 322.2 35 293.6 328.6 .12 Small Marquis .. . ........... . ........... 1.63 1.035 90 87 368.2 36.2 271.8 308.0 .13 
Ratio, small M. to large S. F ........... .. . .65 .73 1.00 ... . . ... .98 1.14 1.03 .93 .94 1.08 
LARGE MARQUIS AND SMALL 
SCOTCH FIFE 
Grades alone 
Large Marquis . .. .. ... . ............. . . . . 2.50 1.494 180 64 88 328.0 49.7 336.3 386.0 .15 
Small Scotch Fife . ....... . .. . ... . .... ... . 1.74 .833 180 74 87 317.8 32.0 291.0 323.0 .11 
Ratio, small S. F . to large M . . ....... . . . .. .70 .56 1.00 ... ..... .99 .97 .64 .87 .84 .73 
GrLdes competi!'g J 
2.50 1.494 90 { 73 } 88 341.2 54.8 354.4 409.2 .15 arge Marquis . ....... . . . ...... , ... . .. . . Small Scotch File ............ . ...... .. ... 1.74 .833 90 87 240.0 28.8 223.2 252.0 .13 
Ratio, small S. F. to large M .... . . . ....... .70 .56 1.00 ........ .99 .70 .53 .63 .62 .87 
AVERAGE OF RATIOS BETWEEN 
GRADES FOR RECIPROCAL VARIETIES 
Grades alone 
Ratio, small to large . ................. .. . .67 .64 1.00 . . .. .. .. .98 .94 .88 .93 .92 .95 
Grades competing 
Ratio, small to large ...... .. ... .. ........ .67 .64 1.00 
· ··· ·· ·· 
.98 .92 .78 .78 .78 .97 
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TABLE 14- Yields from large and small wheat seed when planted alone and in competition (1915) 
Seed planted Crop harvested 
Kind of seed and manne r of planting W eight Sprout No. of 
Germination 
No. of Yield per 180 seeds planted 
of 100 value seeds culms Ratio 
seeds of 100 planted Field Lab- per 180 Grain Straw Total of grain 
seeds oratory seeds to straw 
---
---
---------------------
Grams Grams Per cent P er cent Grams Grams Grams 
(1) 
LARGE SCOT CH FIFE AND SMALL 
(2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 
MARQUIS 
Grades alone 
Large Scotch File .. . .. .. ...........•.... . 2.37 1.160 180 61.1 79.0 132 63 223 286 .28 
Small Marquis . ....... . . ... .. .. .. .. . . .. .... 1.47 .851 180 61.1 81.8 107 53 181 234 .29 
Ratio, small M ; to large S. F ......... . . . .. .62 .73 
···· ·· · ·· ······ 
1.04 .81 .84 .81 .82 1.04 
Grades competing 
2.37 1.160 90 { 64 } 79.0 144 Large Scotch Fife .. .. . ... .. .... ......... . 48 206 254 .23 Small Marquis .. .. .......... ..... .. . .. .. 1.47 .851 90 81.8 102 46 126 172 .36 
Ratio, small M. to large S. F .... . . ..... . .. .62 .73 ...... . . ..... . .. 1.04 .71 .96 .61 .68 1.56 
LARGE MARQUIS AND SMALL 
SCOTCH FIFE 
Grades alone 
Large Marquis . .... .. .... . . .. ..... . .... . 2.41 1.269 180 60.5 82.4 116 65 194 259 .33 
Small Scotch File ....... .. . ... ..... . .. . .. 1.70 .755 180 66.1 81.2 111 50 205 255 .24 
Ratio, small S. F. to large M . .... ...... • .. .71 .60 ..... ... .. . ... .. .99 .96 .77 1.06 .98 .73 
Grades competing 
90 { 67 } 82.4 .31 -Large Marquis .. . . . ..................... 2.41 1.269 126 54 176 230 Small Scotch File ....... ...... .. ... ..... . 1.70 .755 90 81.2 108 36 152 188 .24 
Ratio, small S. F. to large M ....... ... ... . .71 .60 
·· ·· ·· ·· 
... .99 .86 .68 .86 .82 .77 
AVERAGE OF RATIOS BETWEEN I GRADES FOR RECIPROCAL VARIETIES 
Grades alone 
Ratio, small to large . . .. ...... ... . . .. .... . 66 .66 1.00 
········1 1.01 .88 .80 .93 .90 .88 Grades competing Ratio, small to large ... . ... .... .. .. • . . ... .66 .66 1.00 ....... . 1.01 .78 .82 .73 .75 1.16 
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T ABLE 15-Summary showing relati ve yields of small and large wheat seed when planted alone and
in competition (two-year average, 1914 and 1915,) 
Seed planted Crop harvest;ed 
Kind of seed and manner of planting Weight I Sp;out No. of Germination 1 No. of Yield per 180 seeds plaI1ted , <;_uJms 
of 100 ' v,due I seeds I per 180 Ratip 
seeds ' of 100 planted I Field Lab- seeds Grain Straw Total of grain 
seeds ' ' oratory to straw1 
- ----- --- - - - - --.- --
-. -------- - -
Grams i Grams Per cent ·per cent I i Grams Grams Grams 
il) i (2) (3) i (4) (5) (6) (7) (8) (9) ' (10) (11) TWO-YEAR AV RAGE FOR TWO I I I i I VARIETIES OF WI NTER WHEAT ' 
Grades alone I I ' Ratio, small to large ... .... . . . .... .. . . . . . I .65 .71 1.00 1.Q0 .97 I .94 .96 .96 
I 
.99 
Grades competing · · · ··· · · 
Ratio, sma.11 to large ...... . ... . .... . ..... .65 .71 1.00 ...... .. 1.00 
' 
.80 .72 .75 .7-0 .95 
TWO-YEAR A VERA GE FOR T WO 
VARIETIES OF SPRING WHEAT 
! Grades alone 
Ratio, small to large . . ... . . . . . . . .. . . . . . . . .67 i .65 1.00 ' .99. I .91 ' .84 .93 .91 .91 i° .. ... . . I I Grades c.ompe_tini: i I I Ratio, small to large .. .. ... . ..... . .... ... .67 
' 
.65 1.00 
· · · · · · · · 
.99 .85 .80 .75 .76 ],.06 
TWO-YEAR AVERAGE FOR WINTER 
' I ' AND SPRING WHEAT I I Grades alone Ratio, small to large .. . . .. .. . . .. . .. .. . . .. .66 .68 1.00 .99 .94 .89 .94 .93 .95 
· ·· · ·· · · Grades competing 
Ratio, small to large . .. .... , . .. . . . . . . .. .. ,66 .68 1.0Q 
· ·· ·· · ·· 
.99 .82 .76 .75, .75 1.00 
•Average of ratios for two years. 
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Relation of Size of See.d and Sprout Value to Yield 33 
The yields of wheat during the 2 years of these tests were 
quite normal. The averages of all the winter wheat yields were 
at the rates of 31 and 48 bushels per acre during 1914 and 1915
respectively. The corresponding spring wheat yields were at 
the rates of 13 and 17 bushels per acre. This was a normal 
difference in yield for winter and spring wheats- the former 
representing a well adapted, and the latter a poorly adapted 
crop. 
It is seen from the summary data in table 15 that, as an 
average for both winter and spring wheat during the 2 years, 
the small seed weighed per cent as much as the large seed 
and had a sprout value 68 per cent as great. The laboratory 
germination of the two grades was practically equal- the small 
seed germinating one per cent less as an average. 
When planted alone, the small seed produced 6 per cent 
fewer culms, and in competition 13 per cent fewer culms than 
the large seed. The yield of grain was 11 per cent smaller for 
the small seed planted alone and 24 per cent smaller in com-
petition than for the large seed. The straw yield was 6 per cent 
smaller for the small seed alone and 25 per cent smaller in com-
petition than for the large seed. The total plant yield was 7 
per cent smaller for the small seed planted alone and 25 per 
cent smaller in competition than for the large seed. 
It is evident that, when planted alone in equal numbers, 
small seed was (on an average) 11 per cent and 7 per cent inferior 
to large seed in grain and total production, respectively Com-
petition reduced the relative yield of small seed in grain and 
total production 15 and 20 per cent respectively. 
EFFECT UPON TOTAL YIELD OF COMPETITION BETWEEN LARGE AND SMALL 
SEEDS
The investigation reported in tables 16., 17, 18, and 19 in-
dicates the effect upon total yield of wheat from planting large 
and small seeds of the same variety in competition. Large and 
small seeds of a given wheat variety were alternated in 5-row 
plats feet long. The seeds were spaced one-half inch apart by 
hand. The two grades were also planted alone to secure the 
comparative yields free from grade competition A difference 
between the yield of the two grades mixed and t he average yield 
of the two grades planted alone indicates the effect of com-
petition upon total yield. This test was made with two varieties 
each of winter and spring wheat during 1914 and 1915. The 
plats were systematically distributed and were replicated 5 and 9 
times for the winter and -spring wheat respectively. Being of the 
same variety, it was not possible to distinguish and separate the 
TABLE 16-Results from winter wheat grades grown to determine the extent of competition:between 
grades of the same variety (1914 and 1915
Seed planted Crop h arvested 
Kind of seed and manner of planting Weight Sprout No. of Germination No. of Yield per row 
of 100 value seeds culms 
seeds of 100 planted Field Lab- per row Grain Straw Total 
seeds oratory 
------------------
------
Grams Grams Per cent Per cent Grams Grams Grams (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
AVERAGE FOR 1914 AND 1915 
Turkey Red winter wheat 
Grades alone 
~~':ii g/=g::::::::: :::: ;:::::::::::::: 2.75 1.396 180 79.1 87.5 373.4 136.1 414.6 550.7 1.73 .897 180 77.2 84.5 373.5 . 134.9 422.8 557.7 
Average, large and small plump .... . .•.. 2.24 1.146 180 78.1 86.0 373.4 135.5 418.7 554.2 
Grades competing 
Large and small plump •. ... .... ... . ...... 2.24 ' 1.146 180 78.7 86.0 370.4 132.7 423.1 555.8 
Grades alone 
Large plump .- . , .. .. ....... , ..... . . . , .... 2.75 1.396 180 79.1 87.5 373.4 136.1 414.6 550.7 
Small shri veiled . ..... .... . , .. . . , . .. . ..... 1.24 .539 180 71.3 80.7 337.6 131.8 399.9 531.7 
Average, large plump and small shrivelled. 1.99 .967 180 75.2 84.1 355.5 133.9 407.2 541.2 
_Grades competing 
Large plump and small shrivelled. , ...... . . 1.99 .967 180 76.3 84.1 378.6 129.5 431.6 " 561.1 
YEAR 1915 
Turkey Red winter wheat 
Grades alone . ' · 
Small plump .. , ..... , ... ... . ...•. . ... .. , 1.94 .851 180 71.4 80.0 373.0 169.0 461.2 630.2 
'Small shrivelled .. : . ......... . ... ..... : .. 1.13 .420 180 66.6 78.0 330.0 157.4 419.3 576.7 
Average, small plump and small shrivelled. 1.54 .636 180 69.0 79.0 351.5 163.2 440.2 603.4 
Grades competing 
Small plump and small shrivelled . ... ..... . 1.54 .636 180 68.5 79.0 381.0 162.0 463.7 625.7 
1The crop was grown at the ordinary field rate in 5-row nursery plats, replicated five times. Yields based:on 3:center rows. 
•Average of ratios for two years in those tests which were made two years. 
Ratio 
of grain 
to strawi 
---
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TABLE 17- Results from winter wheat grades grown to determine the extent of competition between 
grades of the same variety (1915) 1 
Seed planted Crop harvested 
Kind of seed and manner of planting Weight Sprout No. of Germination No. of Yield per row 
of 100 value seeds culms 
seeds of 100 planted Field Lab- per row Grain Straw Total 
seeds oratory 
----------
Grams Grams Per cent Per cent Grams Grams Grams (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
BIG FRAME WINTER WHEAT 
Grades alone 
Large plump . .. ..... .... ................ 2.52 1.015 180 83.8 86.0 368.0 142.0 496.0 638.0 
Small plump ................ .. . ......... 1.89 .860 180 81.1 80.5 347.0 128.0 465.0 593.0 
Average, large and small plump .... . .. .. 2.20 .937 180 82.4 83.2 357.5 135.0 480.5 615.5 
Grades competing . 
Large and small plump ... . ......... . ..... 2.20 .937 180 81.,6 83.2 358.0 146.0 460.0 606.0 
Grades alone - ·- - . - . 
Large plump ..... . ........... . . . . . . ... . , 2.52 1.015 180 83.8 86.0 368.0 142.0 496.0 638,0 
Small shrivelled, .. . . .... ... . . . ..... . .... 1.18 .400 180 76.9 80.0 346.0 154.0 448.0 602.0 
Average, large plump and small shrivelled . 1.85 .707 180 80.3 83.0 357.0 148.0 • . .472.0 . 620.0 
Grades competing 
Large plump and small shrivelled .......... 1.85 .707 180 78.8 83.0 369.0 135.0. . . A82.0 617.0 
Grades alone 
Small plump . , . . ... . ................... . 1.89 .860 180 81.1 80.5 347.0 128.0 465.0 593.0 
Small shrivelled .. . ..... ... .. .......... .. 1.18 .400 180 76.9 80.0 346:o 154.0 ' - 448.o -· 602.0 
Average, small plump and small shrivelled. 1.53 .639 180 79.0 80.2 346.5 141.0 456.5 597.5 
Grades competing 
Small plump and small shrivelled ... _ ....... 1.53 .630 180 80.0 80.2 360.0 141.0 497.0 638.0 
1The crop was grown at the ordinary field rate in 5-row nursery plats, replicated five times. Yields based on 3 center rows. 
•Average of ratios for two years in those tests which were made two years. 
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.275 
.344 
.309 
. .284 
~ 
<'.':> 
...... 
~ 
~-
.g 
~ 
V'..l 
~-
~ 
V'..l 
<'.':> 
<'.':> 
~ 
[ 
~ 
~ 
i 
i 
('> 
..... 
0 
~ <'.':>. 
~ 
C,lj 
en 
TABLE 18-Results from spring wheat grades grown to determine the ex.tent of competition between 
grades of the same variet y (two-year average, 1914 and 1915
... . .. .. .. . . .. . . 
-- ·--
Seed planted Crop harvested 
kiful lit seed and manner of planting Weight Sprout 
~t,.f 
'Gl,rmination No. of Yield per row 
of iOO value ·culms 
seeds ol 100 planted Field 'Lab- per row Clrain Straw Total 
~~ oratory 
---------
,s c "()TCH FIFE ~tRING WHEAT 
Grams Grams (4) p(5rt Per. cent Grams ~it Grqm• (2) (3) . (6) (7) (8) (10) 
Grades alone 
2-4~ 1.290 180 230.2 !lJ~.o :~;.r:it::::: :: :: :: :: :: :: :: : : :: : : : : :: : : : : ~u iH 50-! 268.5 1.72 .'794 i8'0 lli-i.4 39. 237.7 277.6 
Averag~; l!lrge and small .... . ... . . .•. .. . 2.o7 1.042 180 69.5 84.0 222.3 45.2 253.1 298.3 
Grades competin · · 
Large and smafi. . . ... .. . . . .. ... . ...... .. 2.'07 1.042 't.lio 69.5 84.0 225.6 48.0 263.5 311.5 
MARQUIS SPRING WHEAT 
Grades alone 
~-4~ U8i ~80 62.2 Large . ... .. .... . .. .. ........... ... . .. .. 85.2 222.0 57.3 265.1 322.4 
Sm.all . . , .. 1 ... . ... , . .. , .. .... . . . ..... . .. U& . • 111aa 18'0 64.5 84.4 203.7 50.9 241.5 292.4 Average, aige and small . ... . ..... . ..... 1.162 180 63.3 84.8 212.8 54.1 253.3 307.4 
G~::e c~::'J'::!!fi. .. .. .. .. . . .. . . ..... ... .. 2.00 1.162 U!O 64.3 84.8 208.7 50.3 234.6 285.9 
•The crop was ~wn at the ordinary field rate in 5-row nursery plats, replicated nine times. Results based on 3 center rows. 
•Average ol ratios Jor two years. 
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TABLE 19- Summary showing the effect upon the crop of planting l.arge and small seed of the same
wheat variety in competition (Two-year average of 4 varieties, 1914 and 1915)1 
(1) 
ACTUAL RESULTS 
Weight of 100 seeds planted ....... . ..... .. .. (grams) .. . . ...... . 
Sprout value of 100 seeds . . ..... . . . . . . ..... . (grams) ...... .. .. . 
Number seeds plante\i per row .. . . .. .. ....... ... ... . . ... . . 
Germination in field ........... . ....... . .... (per cent) . ....... . 
Germination in laboratory . . . . . .. . ....... ... . (per cent) ........ . 
Number of culms per row . . . . . . .... . . . .......... . . ........ . .. . 
Yield of grain per row .... . ........ . ....... . (grams) ......... . . 
Yield of straw per row . .. . . .. . . . ....... ... .. (grams) ....... . . . 
Total yield per row .... . . . . . . . . . . . . .. . . . .. . . (grams) . . . ... . . .. . 
Ratio of grain to straw ..... . . .. . . .......... . . .. . . . ..... . 
RELATIVE RESULTS BASED ON LARGE SEED 
Weight of 100 seeds planted ... .. ............ (per cent) .. . ... . . . 
Sprout value of 100 seeds ...... . .. . ......... (per cent) . ....... . 
Number seeds planted . . .... .. . .. . . .. . ... .. . (per cent) .. . ..... . 
Germination in field .. .... .... ... .... . ...... (per cent) ........ . 
Germination in laboratory ........ ... . ... . ... (per cent) . .... . .. . 
Number of culms per row . . .. .. . . .. . .. . . .... (per cent) .... . ... . 
Yield of grain per row ..... .. . . ... . . . . . . . . .. (per cent) . .. .. ... . 
Yield of straw per row . . . . . ... . . . . ...... . .. . (per cent) .... . ... . 
Total yield pe.r row . . .... . . . .. . . . .. ..... . . .. (per cent) . . . . .. . . . 
Ratio grain to straw ....... .... .. . ..... .. .. . (per cent) ..... ... . 
Large 
seed 
alone 
(2) 
2.57 
1.249 
180 
76.2 
86.0 
322.5 
110.7 
392.5 
503.2 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
.27 
Small 
seed 
alone 
(3) 
1.55 
.739 
180 
73.5 
82.4 
303.7 
106.6 
369.2 
475.8 
.27 
60.3 
59.2 
100.0 
96.5 
95.8 
94.2 
96.3 
94.1 
94.5 
100 
Average I Large and 
large and small saed 
small seed competing 
(4) 
2.06 
.993 
180 
74.8 
84.2 
311.4 
108.6 
380.8 
489.4 
.27 
80.2 
79.5 
100.0 
98.2 
97.9 
96.6 
98.1 
97.0 
97.3 
100 
(5) 
2.06 
.993 
180 
74.9 
84.2 
318.7 
107.0 
382.5 
489.5. 
.27 
80.2 
79.5 
100.0 
98.3 
97.9 
98.8 
96.6 
97.4 
97.3 
100 
1Data compiled from tables 10 and 11, using all tests in which large and small plump or large and small shrivelled seeds were compared. 
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crop from each of the two distinct grades at harvest, and it was 
only possible to determine the combined yield when grown in 
competition in the same row. 
Table 19 summarizes the results for all varieties during both 
years. The small seeds weighed 60.3 per cent as much and their 
sprout value was 59.2 per cent as great as for the large seed. 
Practically the same results were obtained from the two grades 
planted in competition as the average results for the two grades 
planted alone. It would appear that if the plants from the small 
seeds were at a disadvantage when grown in competition, those 
from the large seeds must have had an advantage of approximately 
the same magnitude. 
EFFECT OF COMPETITION BETWEEN VARIETIES 
Further information regarding the principle of competition 
between plants was obtained by growing alternate plants of two 
varieties of wheat and comparing the relative results with those 
obtained when the varieties were grown alone. Seed of approx-
imately the same size were selected for each variety in order to 
eliminate the size of seed as a factor in the competition. Five-
row nursery plats feet long were used. The plats within a 
test were systematically distributed and replicated 5 times each 
year for winter wheat and 9 times for spring wheat. The tests 
were duplicated with both large and small seeds. The results 
are given in tables 20 to 23. Because of a seasonal difference in 
the relative behavior of two varieties, the results for each year 
should be considered individually. The behavior of the varieties 
in plats where the seed of each was planted alone shows con-
clusively that the season had different effects on the varieties in 
different years. 
Results for 1914- As an average for both the large and small 
seed tests with winter wheat in 1914 (table 20), in which there 
was practically no difference in size or germination of the two 
varieties, the following results obtained: Grown alone, the yields 
of grain straw, total crop, and number of culms for Big Frame 
were respectively 90, 88, 89, and 80 per cent as large as for the 
Turkey Red. When grown in competition, these Big Frame 
yields were respectively only 55, 70, 67, and 68 per cent as large 
as for the Turkey Red. 
TABLE 20- Yields from two varieties of winter wheat when planted alone and in competition. Turkey 
Red and Big Frame winter wheat (1914) ~ 
" 
Seed planted 
Kind of seed and manner of planting· Weight Sprout No. of Germination 
of 100 value seeds F' Id Lab-seeds of 100 planted ie oratory 
seeds 
------
Grams Grams Per cent Per cent 
(1) (2) (3) (4) (5) (6) 
Varieties alone 
LARGE_SEED 
Turkey Red, large . .... . . . ...... . .... . ... 2.84 1.633 180 83 90 
Big Frame, large . . . . ..... .. ... . .. . . .. .. . 2.71 1.402 180 80 92 
Ratio, B. F. to T . R ...... ..... . ... . ... ... .95 .86 1.00 .96 1.02 
Varieties competing 
Turkey Red, large .......... ....•.. .... .. 2.84 1.633 90 { 81.4 } 90 Big Frame, large . ......... . .. ... .. ..... . 2.71 1.402 90 92 
Ratio, B. F. to T. R . .. .. ......... ... .... .95 .86 1.00 . . . . . . . . 1.02 
SMALL SEED 
Varieties alone 
Turkey Red, small .... .. ...... ... ........ 1.52 .944 180 82 89 
Big Frame, small ..... .. . . . . .... . , .. .. .... 1.60 .962 180 79 89 
Ratio, B. F. to T. R . ... .. .•.... • .... • .. . 1.05 1.02 1.00 .96 1.00 
Varieties competing 
Turkey Red, small . . . .. .... . ... . ......... 1.52 .944 90 { 80.6 } 89 Big Frame, small . ...... ............. ... . 1.60 .962 90 89 
Ratio, B. F. to T. R .... . ... ... ... ... . ... 1.05 1.02 1.00 . . . .. ... 1.00 
AVERAGE OF RATIOS BETWEEN 
VARIETIES FOR RECIPROCAL GRADES 
Varieties alone 
Ratio, B. F. to T. R ..... ... ... . ......... 1.00 .94 1.00 ........ 1.01 
Varieties competing 
Ratio, B. F . to T. R . . . .... .. .. . ..... . ... 1.00 .94 1.00 
········ 
1.01 
No. of 
culms 
per 180 
seeds 
(7) 
357.9 
308.9 
.86 
403.2 
279.2 
.69 
374.1 
279.6 
.75 
400.0 
268.2 
.67 
.80 
.68 
Crop harvested 
Yield per 180 seeds planted 
I Ratio Grain Straw Total of grain 
to straw 
------------
Grams Grams Grams 
(8) (9) (10) . (11) 
111.2 375.9 487.1 .30 
100.6 362.4 463.0 .28 
.90 .96 .95 .93 
120.2 401.4 521.6 .30 
71.4 283.6 355.0 .25 
.59 .71 .68 .83 
99 .9 384.4 484.3 .26 
91.3 311.5 402.8 .29 
.91 .81 .83 1.13 
116.0 429.2 545.2 .27 
59.6 301.2 360.8 .20 
.51 .70 .66 .74 -
.90 .88 .89 1.03 
.55 .70 .67 .78 
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TABLE 21- Yields from two varieties of spring wheat when planted alone and in competition (Marquis 
and Scotch Fife spring wheat, 1914) 
Seed planted Crop harvested 
Kind of seed and=manner of planting Weight Sprout No. of Germination No. of Yield per 180 seeds planted 
of 100 value seeds Lab- culms Ratio 
seeds of 100 planted Field oratory per 180 Grain Straw Total of grain 
seeds seeds to straw 
---- ---------------------
---
Grams Grams Per cent Per cent Grams Grams Grams (1) (2) (3) (4) (5) 
LARGE SEED 
(6) (7) (8) (9) (10) (11) 
Varieties alone 
Marquis, large . . . . ... .......... . . .. . . ... 2.50 1.494 180 64 88 328.0 49.7 336.3 386 .15 
Scotch Fife, large . ....... • . . .•.. • .•. ... .. 2.49 1.420 180 77 89 328.4 38.0 314.0 352 .12 
Ratio, S. F . to M . ...... . . . . ... . .. •.. . . . . 1.00 .95 1.00 . .. .. 1.01 1.00 .76 .93 .91 .80 
Varieties competing 
Marquis, large . .. . . . .. , . ...... . . . . . .. .. . 2.50 1.494 90 { 77.7 ) 88 301.8 58 .0 3.14.0 372.6 .18 Scotch Fife, large ..................... . . . 2.49 1.420 90 89 317.2 35.2 284.6 319.8 .12 
Ratio, S. F . to M . . . ... . . . . . . ..... •.... . . 1.00 .95 1.00 .... . ... 1.01 1.05 .61 .91 .86 .67 
SMALL SEED 
Varieties alone 
Marquis, small ......... . ... ..... .. . . .. .. 1.63 1.035 180 68 87 300.4 43. 314.0 357 .14 
Scotch File, small ..... . ... .. .•... ...... .. 1.74 .833 180 74 87 317.8 32 291.0 323 .11 
Ratio, S. F. to M ... ... .... . ....... . .. . .. 1.07 .80 1.00 .. . . .. . . 1.00 1.06 .74 .93 .90 .79 
Varieties competing 
Marquis, small ....... . . .. . .... .. ........ 1.63 1.035 90 { 71 ) 87 286.& 48.8 302.0 350.8 .16 Scotch Fife, small . .... . .. . ......... .. ... . 1.74 .833 90 87 282.8 29.8, 270.4 300.2 .11 
Ratio, S. F . to M ... . .. . . ..... . . . .. . . .. . . 1.07 .80 1.00 ........ 1.00 .99 .61 .90 .86 .69 
AVERAGE RATIOS BETWEEN 
VARIETIES FOR RECIPROCAL GRADES 
Varieties alone 
Ratio, S. F. to M .. . . .. ... . . ........ . .. . . 1.03 .87 1.00 . . . . . . . . 1.00 1.03 .75 .93 .90 .79 
Varieties competing 
1.03 Ratio, S. F. to M .... .. . . . .... ... . .. . • . .. .87 1.00 
· · ······ 
1.00 1.02 .61 .90 .86 .68 
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TABLE 22-Yields from two varieties of winter wheat when planted alone and in competition (Turkey 
Red and Big Frame winter wheat 1915) 
... ... 
1  Seed planted Crop harvested 
. 
Germination kind of seed and manner of planting Weight Sprout No. of No. of Yield per 180 seeds planted 
of iOO v8.lue seeds Lab- culms Ratio 
seeds of 100 planted Field oratory per 180 Grain Straw Total of grain 
seeds seeds to straw 
---------------------------Grams Grams Per cent p<6r1 Grams Grams Grams (1) (2) (3) (4) (5) (7) (8) (9) (10) (11) LARGE SEED 
Varieties alone 
Turkey Red, large ...... . ... . ... . .... . ... 2.66 1.160 180 77.2 85 389 161 453 614 .35 Big F rame, large .. . ..... . .... : .. . . . . .. . . 2.52 1.015 180 83.8 86 368 142 496 638 .29 
, Ratio, B. F. to T. R ...... . ..... • ........ .95 .87 '1.00 1.09 1.01 .95 .88 1.09 1.04 .83 Varieties competing 
1.160 90 { 80 } 85 Turkey Red, large ............. . •....• .. . 2.66 322 139 341 480 .24 Big Frame, large . ..... . ......... . . ...... 2.52 1.015 90 86 374 161 451 612 .28 Ratio, B. F. to T. R ..... . ............ .. . .95 .87 1.00 ........ 1.01 1.16 1.16 1.32 1.27 1.17 SMALL SEED 
Varieties alone 
Turkey Red, small ...... . . . ..........•... 1.94 .851 180 71.4 80.0 373 169 461 630 .37 Big Frame, small ... .. . . ............... • . 1.89 .860 180 81.1 80.5 347 128 465 593 .27 Ratio, B. F. to T. R . ... ...... . .•.... . ... .97 1.01 1.00 1.14 1.01 .93 .76 1.01 .94 .73 Varieties competing 
1.94 .851 90 { 78 } 80.0 336 Turkey Red, small .... . .................. 122 366 488 .33 Big Frame, small ............ . ........ . .. 1.89 .860 90 80.5 396 152 454 606 .33 Ratio, B . F. to T . R .................... . .97 1.01 1.00 . ....... 1.01 1.18 1.25 1.24 1.24 Loo AVERAGE OF RATIOS BETWEEN 
VARIETIES FOR RECIPROCAL GRADES 
Varieties alone 
Ratio, B. F . to T. R . .................... .96 .94 1.00 ...... . . 1.01 .94 .82 1.05 .99 .78 Varieties competing I 
.94 1.00 1.17 Ratio, B. F. to T. R ....... . ....•. . .. .. .. .96 ... . .... 1.01 1.20 1.28 1.25 1.08 
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TABLE 23-Yields from two varieties of spring wheat when planted alone and in competition (Marquis 
and Scotch Fife spring wheat, 1915) 
Seed planted Crap harvested 
Kind of seed and manner of planting Weigh t Sprout No. of Germination No. of Y ield per 180 seeds planted 
of 100 value seeds Lab- culms Ratio seeds of 100 planted Field per 180 Grain Straw Total of grain 
seeds oratory seeds to straw 
- - - ------ - -- - -----
Grams Grams P er cent Per cent Grams Grams Grams (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 
LARGE SEED 
Varieties alone 
Marquis, large .. . . .. . ... . . . . . .. . . . ..... . 2.41 1.269 180 60.5 82.4 116 65 194 259 .33 
Scotch Fife, large .. ....... . .. .. . . .. . . . . .. 2.37 1.160 180 61.1 79.0 132 63 223 286 .28 
Ratio, S. F . to M .•..... .. . . . . .. .. . .... . . .98 .91 1.00 .. . . .. .. . .96 1.14 .97 1.15 1.10 .84 Varieties competing 
Marquis, large . . ... . . . .. . . , . .. . . . ... .... 2.41 1.269 90 { 65.5 } 82.4 112 46 132 178 .35 Scotch Fife, large .. .. . . . . . . . .... . . . . .. . .. 2.37 1.160 90 79.0 128 48 176 224 .27 
Ratio, S. F . to M .. .... . .. . . . . ... . • . . . . . . .98 .91 1.00 . ... . .. . .96 1.14 1.04 1.33 1.26 .78 
SMALL SEED 
Varieties alone 
Marquis, small . . ...... . . . . . . . .. .... ... . . 1.47 .851 180 61.1 81.8 107 53 181 234 .29 
Scotch Fife, small ... . ..... . • . ... • ... .. . .. 1.70 .755 180 66.1 81.2 111 50 . 205 255 .24 
Ratio, S. F . to M .. . ... • . . . . . ... . . ... ... . 1.16 .89 1.00 ..... . . . .99 1.04 .94 1.13 1.09 .83 
Varieties competing 
Marquis, small . . . . . ....... ... . .. . . ... .. . 1.47 .851 90 { 70 } 81.8 100 32 104 136 .31 Scotch Fife, small .... ... ... . ... . . .. . ... . . 1.70 .755 90 81.2 108 30 · 122 - · 152 .25 
Ratio, S. F . to M . . .. .. .. . . . ... . . ..... . .. 1.16 .89 1.00 
·· ···· · · 
.99 1.08 .94 1.17 1.12 .so 
• AVERAGE OF RATIOS BETWEEN .. --- -· ... 
VARIETIES FOR RECIPROCAL GRADES 
Varieties alone 
Ratio, S. F . to M . . .. . .. .. ............. . . 1.07 .90 1.00 . . . . . .. . .97 1.09 · · · ··.95 ··-1.14 :· 1.09 .83 
Varieties competing 
Ratio, S. F. to M . • . .. .. . . . . . . . . . . . . .• .. . 1.07 .90 1.00 
····· ··· 
.97 1.11 .99 1.25 1.19 .79 
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Relation of Size of Seed and Sprout Value to Yield 43 
Similar (but less striking) results were obtained in 1914 for 
Scotch Fife and Marquis spring wheat. When grown alone, the 
yields of grain, straw, total crop, and number of culms for Scotch 
Fife were respectively 75, 93, 90, and 103 per cent as large as 
for the Marquis wheat. In competition, these Scotch Fife yields 
were respectively 61, 90, 86, and 102 per cent as large as for the 
Marquis. 
Results for 1915- The climatic conditions for 1915 were far 
different from those in 1914 Practically normal atmospheric and 
moisture conditions prevailed in 1914. On the other hand, the 
season of 1915 was unusually cool, humid, and wet. This differ-
ence, as has also been observed on other occasions, resulted in a 
reversal of the competitive qualities of the two varieties. 
Planted alone, the yields of grain, straw, total crop, and 
number of culms for Big Frame winter wheat were respectively 
82, 105, 99, and 94 per cent as large as for the Turkey Red. In 
competition, these Big Frame yields were respectively 120, 128, 
125, and 117 per cent as large as for the Turkey Red. 
In the test with spring wheat, the yields of grain, straw, 
total crop, and number of culms for Scotch Fife planted alone 
were respectively 95, 114, 109, and 109 per cent as large as for 
the Marquis. In competition, these yields were respectively 99, 
125, 119, and 111 per cent as large as for the Marquis. 
These investigations suggest that competition may play a 
very important role in the natural improvement of cereal crops. 
RELATION OF SIZE OF SEED TO YIELD OF CEREAL CROPS 
METHODS OF INVESTIGATION 
Numerous methods of comparing the yielding qualities of seed 
grades have been employed by the various investigators of this 
subject. From the standpoint of farm practice the method of 
comparison should approach normal field conditions as nearly as 
possible. · 
Methods of testing grades of seed may be classified as in the 
following outline: 
I. Character of test plat 
1. Small nursery test plats 
2. Large field test plats 
3. Pots filled with soil 
II. Manner of planting 
1. Seeds spaced to permit maximum development of 
individual plants 
44 Nebraska Agricultural Exp. Station, Research Bul. 11 
2. Seeds planted at customary field rate 
(a) Equal numbers of seed planted in a unit area 
(b) Equal weights of seed planted in a unit area 
(c) Equal volumes of seed planted in a unit area 
III. Manner of selecting seed grades 
l. Hand selection 
2. Fanning mill separation 
3. Specific gravity separation by salt solution 
In the tests which follow, either small nursery test plats or 
large field plats have been employed. All plats have been planted 
approximately at the normal field rate, using equal numbers, 
equal weights, or equal volumes of seed for the various grades. 
The nursery plats have contained either 1 row, 3 rows, or 5 rows 
spaced 10 inches apart. Where plats contained 3 or more rows, 
the 2 outside rows have been discarded, and the yield based upon 
the remaining rows. Thus competition between the various plats 
has been avoided. The length of the nursery plats has been 
either or 16 feet. The dimensions of the field plats have been 
5.33 feet by 16 rods, making 1/ 30-acre plats. The nursery plats 
have been replicated from 5 to 10 times each year, while the field 
plats have been replicated 2, 3, or 4 times in recent years, tho 
unduplicated in the earlier years. The character of the plat and 
the number of replications is indicated with each experiment. 
The nursery plats have been planted by hand. A press drill 
was used for seeding the larger field plats. 
RELATION OF SIZE OF SEED TO THE YIELD OF WHEAT WHEN THE VARIOUS 
GRADES ARE PLANTED ALONE IN EQUAL NUMBERS 
The unselected seed of 2 winter wheat and 2 spring wheat 
varieties was compared for yield with large and small seed of the 
respective varieties during 2 years, 1914 and 1915. Five-row 
plats 7 feet long were used. These were replicated 5 times for 
the winter wheat and 9 times for the spring wheat. The seeds 
were spaced inch apart, which corresponds to the normal field 
rate. The results are contained in tables 24 and 25. 
As an average for the two varieties of winter wheat, the 
relative seed weights for the unselected, large, and small seed 
were respectively 100, 134.6, and 86.9. The corresponding sprout 
values were 100, 133, and 92.3. The germination for the various 
grades was fairly uniform. For these grades in the order named, 
the relative number of culms were 100, 99.9, and 96.4; the 
relative grain yields were 100, 102.3, and 96.9; the relative 
straw yields were 100, 99.2, and 96.0; and the relative yields of 
total dry matter were 100, 100.4, and 96.2. The grain yields of 
the large seed were 2.3 per cent superior to the unselected seed, 
while the grain yield from the small seed was 3.1 per cent inferior. 
TABLE 24- Yields from different grades of wheat seed (two-year average, 1914 and 1915) 1 
Seed planted Crop harvested 
Kind of seed planted Weight Sprout No. of Germination No. of Yield per row 
ol 100 value seeds culms Ratio 
seeds of 100 planted Field Lab- per row Grain Straw Total of grain 
seeds oratory to straw1 
--------------- - --- - - - -----
Grams Grams P er cent P er cent Grams Grams Grams (1) (2) 
Turkey Red winter wheat 
(3) (4) (5) (6) (7) (8) (9) (10) (11) 
Unselected ... .. .... . . . ..... . .. .. . ... .... 1.83 1.035 180 76.5 84.5 387.7 137.5 424.3 561.8 .32 
Large plump .................•. . . .. . .... 2.75 1.396 180 79.1 87.5 373.4 136.1 414.4 550.5 .32 
Small plump . .. .............. , .. .. . . .... 1.73 .897 180 77.2 84 .5 373.5 134.4 422.7 557.1 .31 
Small shrivelled . . ..... . . ..... . . . . . . . , . .. 1.24 .539 180 71.3 80.7 337.6 131.6 400.2 531.8 .32 
Bigl Frame winter wheat 
Unselected ... . .... . . . .....•.. . . . ........ 2.16 .923 180 79.9 85.5 324.5 114.2 420.3 534.5 .27 
Large plump .. . ........ . . ... .. . . . . .. . . .. 2.61 1.208 180 81.9 89.0 338.4 121.3 429.2 550.5 .28 
Small plump ...... . . . .. . . .. .. , . . . . .... . . 1.74 .911 180 80.0 84.7 313.3 109.6 388.3 497.9 .28 
Scotch File spring wheat 
Unselected ...... . ........ . , . . •.. . . • .... . 2.01 1.317 180 71.5 85.2 225.5 44.6 254.3 298.9 .19 
Large .. . ............. . ... , .. . .... .. . . . . 2.43 1.290 180 69.0 84.0 230.2 50.5 268.5 319.0 .20 
Small . ..... . . . ... ... ... . .. . . . . . .. . .... 1.72 .794 180 70.0 84.1 214.4 41.0 248.0 289.0 .18 
Marquis spring wheat 
Unselected ............... . ... . ..... . ... . 2.15 1.102 180 60.0 83 .9 216.5 51.8 256.2 308.0 .22 
Large ..... . . .. .... . ... . . . . ... .. . .. ... . . 2.45 1.381 180 62.2 85.2 222.0 57.3 265.2 322.5 .24 
Small . . .... .. .. . . . ....... .... .. .. .. .... 1.55 .943 180 64.5 84.4 203.7 48.0 247.5 295.5 .21 
1The crop was grown at the ordinary field rate in 5-row nursery plats. Results are based on 3 center rows. The winter wheat 
plats were replicated 5 times and the spring wheat plats 9 times each year. 
2Average of ratios for two years. 
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TABLE 25- Summary showing yields from different grades of wheat seed (two-year average, 1914 and 
1915) 1 
Seed planted Crop harvested 
Kind of seed planted Weight Sprout No. of Germination No. of Yield per row 
of 100 value seeds culms Ratio 
seeds . of 100 planted Field Lab- per row Grain Straw Total of grain 
seeds per row oratory to straw 
-------------------1---------------- ---- - - ------------------
Grams Grams P er cent P er cent Grams Grams Grams 
Winter wheat 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 
(Average Turkey R ed and Big Frame) 
ACTUAL RESULTS 
Unselected. .... .... . . . . . . . . . . . . . . . . . . 1.99 .979 180 78.2 85.0 356.1 125.8 422 .3 548 .1 .29 
Large plump ... . . . . . . . . . . . . . . . . . . . . . . . 2.68 1.302 180 80.5 88.2 355.9 128.7 421.8 550.5 .30 
Small plump. ... .. ... .. . . . .... ... . . . . . 1.73 .904 180 78.6 84.6 343.4 122.0 405.5 527.5 .30 
RELATIVE RESULTS BASED ON 
UNSELECTED SEED P er cent P er cent P er cent P er cent P er cent Per cent P er cent P er cent Per cent P er cent 
U nselected. .. . . . . . . . . . . . . . . . . . . . . . . . . . 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Large plump ... . . . . . . . . . . . . . . . . . . 134.6 133.0 100.0 102.9 103.7 99.9 102.3 99 .9 100.4 103.4 
Small plump . . . . . . . . . . . . . . . . . . . . . . . . . . 86.9 92.3 100.0 100.5 99.5 96.4 96.9 96.0 96.2 103.4 
------------------------ ------------
Spring wheat 
(Average Scotch Fife and Marquis) 
ACTUAL RESULTS Grams Grams Number P er cent P er cent Number Grams Grams Grams Grams 
Unselected. ... . . . . . . . . . . . . . . . . . . . . . . . . 2, 08 1.209 180 65.7 84.5 221.0 48.2 255.2 303.4 .21 
Large . .. .. .. ........ .. . .. ..... . . .. . . 2.44 1.335 180 65.6 84.6 226.0 53.9 266.8 320.7 .22 
Small ............... ... .. .. . . . . ... .. 1.63 .868 180 67.2 84.2 209.0 44.5 247.7 292.2 .20 
RELATIVE RESULTS BASED ON 
UNSELECTED SEED P er cent P er cent Per cent P er cent P er cent Per cent P er cent P er cent P er cent Per cent 
Unselected ... . . . . . . . . . . . . . . . . . . . . . . . 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Large. ... .. . . . . . . . . . . . . . . . . . . . . . 117.3 110.4 100.0 99.8 100.0 102.3 111.8 104.5 105.7 104.8 
Small. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78.4 71.8 100.0 102.2 99.6 94.6 92.3 97.0 96.3 95.2 
1Data calculat ed from table 24. 
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The average germination of the two spring wheat varieties was 
quite uniform for the three grades of unselected, large, and small 
seed. The relative seed weights were respectively 100, 117.3, and 
78.4, while the corresponding sprout values were 100, 110.4, and 
71.8. The germination for the various grades was fairly uniform. 
The relative numbers of culms were respectively 100, 102.3, and 
94.6; the relative grain yields were 100, 111.8, and 92.3; the 
relative straw yields were 100, 104.5, and 97.0; and the relative 
yields of total dry matter were 100, 105.7, and 96.3. With the 
spring wheat, the large seed autyielded the unselected for grain 
11.8 per cent, while the grain yield of the small seed was 7.7 per 
cent inferior to the unselected seed. 
The summary results for both winter wheat and spring wheat 
(table 25) indicate a distinct advantage for the large as compared 
with the unselected seed. This advantage is greater for the 
spring wheat, which may be due to the fact that it is a more 
poorly adapted crop than the winter wheat. Because of a longer 
growing season and more favorable early growth conditions for 
winter than for spring wheat, the initial advantage of the large 
seed is less marked for the winter than for the spring wheat. 
WHY SMALL SEEDS YIELD LESS PER ACRE THAN LARGE SEEDS WHEN PLANTED 
IN EQUAL NUMBERS AT THE NORMAL RATE FOR THE LARGE SEED 
Thruout all of the comparative yield tests for large and small 
seeds reported in this paper, the large seeds have given a greater 
yield than the small seeds when planted in equal numbers at the 
normal rate for the large seed. · 
While there has been a slight reduction in field germination 
for the small seeds in some instances, this decrease has not been 
relatively as great as the decrease in yield. In order to determine 
whether the characters of growth differed for the individual plants 
grown from large and small seeds, such grades of Scotch Fife and 
Marquis spring wheat and Kherson oats were space-planted 6 by 
10 inches apart and grown to maturity in 1916. This plan per-
mitted maximum development for the plants. The differences 
in resulting growth may be attributed to the size of seed rather 
than to any environmental differences. The results follow in 
table 26. 
As an average for the spring wheat and oats, the small seeds 
planted weighed 52 per cent as much as the large seed. With 
the individual plant of the resulting crop, the small seed compared 
with the large produced 80 per cent as many culms per plant; 
72 per cent as high grain yield; 77 per cent as great straw yield; 
and 77 per cent as great total yield. This inferiority of individual 
plant development from small seeds may account for the smaller 
TABLE 26- Relative development and yield of plants from large and small seed when space-planted 
to permit maximum development (1916) L 
Number Weight Results per 100 plants 
of of 
Kind of seed planted plants 100 seeds Number Yield Yield Total 
averaged planted ·of culms of grain of straw yield 
Grams Grams Grams Grams 
(1) (2) (3) (4) (5) (6) (7) 
Scotch Fife Sp. wheat, large ..... . ..... . . . . ..... 300 3.07 833 9.3 79.5 88.8 
Scotch Fife Sp. wheat, small . .. ..... . . . .... ..... 298 1.85 670 6.5 59.8 66.3 
Marquis Sp. wheat, large ..... . . . . . . . . . . ... . . ... 218 3.04 800 11.1 96.4 107.5 
Marquis Sp. wheat, small . . ........... . .. ... ... 181 1.61 590 6.6 69.5 76.1 
Kherson oats, large .... .. . . . . . ..... . . ... . ...... 433 2.25 920 46 .1 91.0 137.1 
Kherson oats, small ....... . . .. . ....... .. ...... 408 1.00 790 40.7 75.2 115.9 
RELATIVE RESULTS BASED ON LARGE SEED 
Per cent Per cent P er cent Per cent Per cent 
Scotch Fife Sp. wheat, large . .. . . . .. .. . . .. .. . ... . . . . . . . . 100 100 100 100 100 
Scotch Fife Sp. wheat, small . ..... .... . . . . . .. . .. 60 80 70 75 75 
Marquis Sp. wheat, large ...... . . . .... ... . . . ... . . . . . . . . . . 100 100 100 100 100 
Marquis Sp. wheat, small ... . . . ...... . . . .... . .. ... .. ... . 53 74 59 72 71 
Kherson oats, large . .. . .. .... .... . . .. ... . . . .. .. . . . . . . . . . 100 100 100 100 100 
Kherson oats, small ............ . ........ .. . . .. . . . . . . . . . 44 86 88 83 85 
Avei;age for Sp. wheat and oats, large .. .. ... . . .. . . . . . . . . . 100 100 100 100 100 
Average for Sp. wheat and oats, small .... . . ..... . . . . . . . . . 52 80 72 77 77 
lThe plants were spaced 6 inGhes apart in rows 10 inches apart. 
~ 
00 
~ 
"" 0-
~ ;,;--
~ 
~ 
'Cl 
~ 
~-
1;:: 
~ 
~ 
~ 
t_,tj 
H 
~ 
V, 
~ 
""· 0 
~..., 
~ 
Ct, 
"" Ct, ~ 
<> ;:,-
0;:j 
~ 
..... 
..... 
Relation of Size of Seed and Sprout Value to Yield 49 
yields obtained from small seed when planted in equal numbers 
to the large. On the other hand this lower productiveness of the 
individual plant is unimportant, as shown in the following in-
vestigation, when a greater number of plants from small seed 
are secured by planting equal weights of seed. 
RELATIVE YIELDS FROM LARGE AND SMALL SEEDS OF CEREALS WHEN PLANTED 
IN EQUAL NUMBERS AND AT EQUAL WEIGHTS 
An investigation was started with winter wheat in 1911 to 
determine the relative yields of unselected, large, and small seeds 
of cereal crops, when compared in equal numbers and equal 
weights of seeds planted. This test has been continued ever 
since, except during 1912 and 1913, in which years the crops 
were lost, by winterkilling in 1912 and by excessive lodging and 
rusting in 1913 owing to planting on summer-fallowed land. 
The experiment has been repeated with Kherson oats during the 
5 years 1912 to 1916 and with spring wheat in 1915 and 1916. 
The test plats contained three 16-foot rows spaced 8 inches 
apart, with the exception that the 1912 and 1913 oat tests and the 
1911 winter wheat tests were conducted in 1-row plats. 
The large seeds were in all cases spaced in the row at approx-
imately the normal field rate of planting. Other grades were 
planted in both equal numbers and equal weights to this. The 
planting plans are shown in figures 6 and 7. The results are 
given in tables 27 to 29 and are summarized in table 30. 
Winter wheat, 4-year average-Planted in equal numbers, the 
small seed yielded 4 per cent less than the large seed, while the 
yields of large and small seed were equal when equal weights of 
seed were planted. The small seed sown in equal numbers 
weighed only 62 per cent as much as the large, while in equal 
weights the number of small seed exceeded the large 80 per cent. 
The unselected seed yielded 1 per cent less than the large when 
equal numbers of seeds were sown, and 5 per cent more when 
equal weights of seed were used. 
(a) L a rge seed 
(b) Small seed, equal numbers to (a) 
(c) U nselected seed, equal numbers to (a) 
(d ) Small' seed, equal weights to (a ) 
(e) U nselected seed , equal weights to (a) 
Fig. 6- Plan for planting winter wheat tests. The entire series was repeated 
10 times each year 
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(a) Large seed 
(b) U nselected seed, equal weights to (a) 
(c) Small seed, equal numbers to (a) 
(d) Unselected seed, equal weights to (a) 
(e) Small seed , equal weights to (a ) 
(! ) U nselected seed, equal weights to (a) 
Fig. 7- Plan for planting oats and spring wheat tests. The entire series was 
repeated 10 times each year 
Oats, 4-year average- The small seed yielded 11 per cent less 
than the large when sown in equal numbers, and both yielded 
alike when equal weights of seed were used. The unselected seed 
yielded 2 per cent less than the large or small where equal weights 
of seed were used
TABLE 27- Y ields from equal numbers versus equal weights of large 
and small seed of Turkey Red winter wheat (1 911, 1914, 1915, 
and 1916)1 
Equal numbers of seed Equal weights of seed 
Kind of seed 
planted Number Weight Yield Number Weight Yield 
of seed of seed per row of seed of seed per row 
planted planted planted planted 
Grams Grams Grams Grams (1) (2) (3) (4) (5) (6) (7) 
YEAR 1911 
Large .. . ... .. ... . 400 14.00 440 400 14.0 
I 
440 
Small . . .. .... . .... 400 10.04 422 560 14.0 446 
Unselected ........ 400 12.30 435 455 14.0 469 
YEAR 1914 
Large . . .. . .. . . . . . . 400 11.70 221 400 11.7 221 
Small .. . .. . . .. . .. . 400 6.70 211 700 11.7 243 
Unselected ... . . .. . 400 9.30 255 503 11.7 248 
YEAR 1915 
Large . . . . . . . . .... . 404 11.70 363 404 11.7 363 
Small ... . . . . ...... 404 7.60 355 818 11.7 327 
Unselected . .... . . 404 9.60 337 525 11.7 365 
YEA!, 1916 
Large .. .. ..... . 400 9.90 417 400 9.9 417 
Small . 400 5.15 388 807 9.9 422 
Unselected . .... ... 400 7.55 396 547 9.9 . 426 
FOUR-YEAR AVER'CE 
Large . 400 11.82 360 401 11.8 360 
Small . . . .. 400 7.37 344 721 11.8 360 
Unselected . ... . . .. 400 9.69 356 508 11.8 377 
1The tests were made in single-row plats in 19 11 and in 3-row blocks in 19l4, L:H5, and 1916. 
Results are based on the center row of 3-row plats. All plats were replicated 10 times each year. 
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TABLE 28- Y ields from equal numbers versus equal weights of large 
and small seed of Kherson oats (1912 to 1916)1 
Equal numbers of seed Equal weights of seed 
Kind of seed 
planted Number Weight Yield Number Weight Yield 
of seed of seed per row of seed of seed per row 
planted planted planted planted 
Grams Grams Grams Grams 
(1) (2) (3) (4) (5) (6) (7) 
YEAR 1912 
Large . .... .... ... 404 10.15 113 404 10.15 113 
Small .. . . . . . . . . . . . 404 6.99 106 587 10.15 105 
Unselected . .. ..... . . . . . . . . ..... . .. . .... 500 10.15 110 
YEAR 1913 
Large .. ..... ...... 404 8.96 318 404 8.96 318 
Small ... ........ . . 404 4.68 245 750 8.96 339 
Unselected ........ . . . . . . . . . . . . . . .. . . . . . . . . 541 8.96 320 
YEAR 1914 
Large . ... . .. . ... .. 404 7.59 118 404 7.59 118 
Small ............. 404 4.80 120 643 7.59 110 
Unselected ........ ... . .. . . . . . . . . . . . . . ' . . . . 506 7.59 111 
YEAR 1915 
Large .. ........... 400 9.1 151 400 9.10 151 
Small ............. 400 4.8 148 759 9.10 170 
Unselected ... .... . . . . . . . . . . . . . . . . . . . ... ... 530 9.10 160 
YEAR 1916 
Large .. .... .. .... . 400 8.51 326 400 8.51 326 
Small .. ... .. ...... 400 3.88 291 878 8.51 302 
Unselected .. · . . .... ..... . .. . . . . . . . . . . .. .. .. 625 8.51 306 
FIVE-YEAR A VE RAGE 
I 
Large ............ . 402 8.86 205 402 8.86 205 
Small . . . . ......... 402 5.03 182 723 8.86 205 
Unselected ..... .. . . . . . . . . . . . . . . . . . ...... . 550 8.86 201 
1The tests were made in single-row plats in 1912 and 1913 and in 3-row blocks in 1914, 19 15 , 
and 1916. Results a re based on the center row of 3-row blocks. 
All tests were replicated 10 t imes each year, except the unselected seed which was repeated 
30 times. 
The small seed sown in equal numbers weighed 57 per cent as 
much as the large, while in equal weights the number of small 
seed exceeded the large 80 per cent. 
Spring wheat, 2-year average- When sown in equal numbers, 
the small seed yielded 10 per cent less than the large seed, while 
it yielded 1 per cent less when equal weights of seed were sown. 
The unselected seed yielded 8 per cent more than the large when 
sown in equal weights. 
The small seed sown in equal numbers weighed 53 per cent as 
much as the large, while in equal weights the number of small 
seeds exceeded the large 93 per cent. 
52 Nebraska Agricultural Exp. Station, Research Bul. 11 
TABLE 29- Y ields from equal numbers versus equal weights of large 
and small seed of Scotch Fife spring wheat (1915 and 1916) 1 
Equal numbers of seed Equal weights of seed 
Kind of seed 
planted Number Weight Yield Number Weight Yield 
of seed of seed of seed of seed 
p1anted planted per row planted planted per row 
Grams Grams Grams Grams 
(1) (2) (3) (4) (5) (6) (7) 
YEAR 191 5 
Large . . . . . .. . ... . . 450 11.30 103.2 450 11.30 103.2-
Small . . . . .. . .. . ... 450 5.30 103.0 959 11.30 110.0 
Unselected . .. . . . . . . . .. . ... . . . . . . . . . . . ..... 610 · 11.30 122.6 
YEAR 1916 
Large . .. ... .. . .. .. 400 11.04 131.8 400 11.04 131.8 
Small ... . ..... . . .. 400 6.65 109.0 680 11.04 121.4 
Unselected ..... . .. . . . . . . . . . . . . . . . . .. . . . . . . 502 11.04 130'.8' 
TWO-YEAR AVERAGE 
Large ........ .. ... 425 11.17 117.5 425 11.17 117.5 
Small. .. .. ...... . . 425 5.98 106.0 820 11.17 115.7 
Unselected . . . . ... . . .. . . . . . . . . . . . . . . . . . .. . . 556 11.17 126.7 
1All tests were replicated 10 times each year, except the original seed, which was repeated 
30 times. Yields are based on• center row of 3-row blocks. 
TABLE 30- Relative results with large and small seeds when com-
pared by planting equal numbers versus equal weights1 
Equal numbers of seed Equal weights of seed 
Kind of seed 
planted Number Weight Yield Number Weight 
of seed of seed per row of seed of seed 
planted planted planted planted 
Grams Grams Grams 
(1) (2) (3) (4) (5) (6) 
TURKEY RED WIN TER WHEAT- 4-YEAR AVERAGE 
Large ... . . . .. . .. . . , 100 I 100 I 100 I 100 I 100 
Small . . . . . . . . . . . . . 100 62 96 180 100 
Unselected . . . . . . . . 100 82 99 126 100 
KHERSON OATS- 5-YEAR AVERAGE 
Large .. . . . ... . · 1 100 I 100 I 100 I 100 I 100 Small . . . . . . . . . . . . . 100 57 89 180 100 
Unselected. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137 100 
SCOTCH FIFE SPRING WHEAT- 2-YEAR AVERAGE 
Large .. ........... , 100 1 100 1 100 1 100 1 100 
t~:~t~te'ci .· .· .·: : : : : ... 1.00 ... . . . 53 . ... 90 . rnf ~ii 
1Compiled from tables 27 to 29. 
Yield 
per row 
Grams 
(7) 
100' 
100 
105 
100 
100 
98 
100 
99 
108 
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In general, it may be concluded from these tests that it is of 
vital consideration whether equal weights or equal numbers of 
seeds are planted in a comparison of the yields from large and 
small seed. For the three cereals tested, the small seed yielded 
on an average only of one per cent less than the large seed 
when equal weights of seed were sown. However, when planted 
in equal numbers, the small seed yielded an average of 8 per cent 
less. 
Planting the seed in equal weights corresponds far more 
nearly to farm practice than does seeding in equal numbers. 
RELATIVE YIELDS OF SEED GRADES OF WHEAT AND OATS AS SEPAR,ATED BY 
FANNING MILL 
The investigations regarding the use of the fanning mill 
reported in this bulletin are a continuation of earlier studies by 
Lyon and Montgomery at this Station prior to their removal to 
Cornell University. Lyon (1902) reported two years' effect from 
the use of the fanning mill upon the wheat yield. In 1905 Lyon 
reported two additional years' studies along the same line. Mont-
gomery (1908) reported results with wheat and oats continued
after the same plan. 
The tables which follow contain all of the data obtained since 
1907, and have been heretofore unpublished. 
The separation of the wheat or oats into light and heavy seed 
has been accomplished by the use of a machine producing a 
regulated, upward wind blast. The grain was directed into this 
blast which carried out the lightest one-half of the seed, while 
the heavier seed fell against the air blast into a box below. Both 
grades of seed were again separated in the same manner, result ing 
in two grades known as the lightest one-fourth and the heaviest 
one-fourth. Each grade has been constantly continued in like 
manner. The lightest one-fourth has each year been taken from 
the preceding crop grown from the lightest one-fourth. In turn 
the heaviest one-fourth has consecutively been taken from the 
preceding crop grown from the heaviest one-fourth. Thus an 
opportunity has been afforded for an accumulative effect of the 
fanning process. The results for two varieties each of winter 
wheat and oats are given in tables 31 to 36. 
Wheat two grades of seed have been compared each year 
with the original unselected seed. Two varieties, Turkey Red 
and Big Frame, have been used in this test during a period of 12 
years, 1900-1911. 
The wheat has been sown thruout this period with a grain 
drill set at the rate of 5 pecks per acre for all grades. The results 
are given in tables 31 and 32. 
TABLE 31- Yields of light and heavy seed wheat as separated by a fanning mill (1900 to 1911 ) 
Yield per acre 
Kind of seed planted Average 
1900 1901 1902 1903 1904' 1905 1906 1907 1908 1909 1910 1911 12 years 
------------ ---
---
------
------------
B us. Bus. Bus. Bus. Bus . Bus . Bus. Bus. Bus. Bus. Bus. Bus. Bus. (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) 
T U RKEY RED WHEAT 
Original~unselected . .......... 27.5 26.0 17.8 31.8 14.3 20.5 63 .0 51.0 28.3 34.5 46.0 51.8 34.4 
Heaviest one-fourth .. ... ...... 29 .3 29.3 18.8 33.0 11.6 20.7 61.6 53 .5 32.2 34.1 48.8 51.4 35.4 
Lightest one-fourth ........... 23.0 26.7 24.6 30.0 15.6 23 .2 62.5 51.0 26.8 37.9 48.5 50.8 35.1 
Number of plats averaged ..... 1 1 1 1 1 1 1 1 1 1 2 3 
BIG FRAME WHEAT 
Original unselected . .... . ..... 25.8 25.8 11.5 27.3 12.5 20.5 54.6 50.0 35.2 32.5 45.9 (49 .3 32.6 
Heaviest one-fourth . .. .. ...... 25.0 27.7 4.8 20.8 17.5 25.0 54.8 50.0 34.5 33.8 45.4 49.1 32.4 
Lightest one-fourth ........... 20.5 21.2 8.0 25.8 12.3 19.7 50.5 50.0 35.3 32.9 46.5 48.3 31.0 
Number of plats averaged ... . . 1 1 l 1 1 1 1 1 1 1 2 3 
10wing to extremely poor seed in 1904, no separation was made, but the wheat from each plat was simply cleaned and sown. 
TABLE 32- W eight per bushel of crop harvested from light and heavy wheat seed as separated by a 
fanning mill (1902 to 1911 ) 
Kind of seed planted 1902 1903 1904 1905 1906 1907 1908 1909 1910 1911 Average 
------------ ---
---
---------
Pounds Pounds P ounds Pounds P ounds Pounds P ounds Pounds Pounds Pounds Pounds 
(1) 
T U RKEY RED WINTE R WHEAT 
(2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 
Original unselected ....... ... . ... .. 57.0 ..... .. . 44.0 62.0 61.0 60.0 54.5 61.0 . .. . . ... 63.0 57.8 
Heaviest one-fourth . .. . .. . . . .. . ... 56.0 ...... .. 44.3 61.0 61.0 60.0 54.0 61.0 . .. . .. . . 62.7 57.5 
Li_ghtest one-fourth .. . ... . ..... .. .. 60.0 
·· ·· ···· 
42.5 62.0 61.0 61.0 55.5 59.0 .. . . .. .. 62.8 58.0 
BIG FRAME WINTE R WHEAT 
Original unselected . .. . . .. .. .. ..... 55.5 .. .. . ... 39.5 59.0 60.5 59.0 54.0 59.5 . ...... . 62.0 56.1 
H eaviest one-fourth .. .. ........... 52.5 ... . .... 46.5 60.0 61.5 59.0 57.0 60.5 . . . . . . . . 62.8 57.5 
Lightest one-fourth .•.............. 55.5 ........ 42.5 58.5 61.0 59.0 54.0 59.5 . . .. .... 62.5 56.5 
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TABLE 33- Y ields of light and heavy seed of Kherson oats as separated by a Janning mill (1905 to 
1916) 
Yield per acre 
Kind of seed planted 
1905 ~1~ 19081 1909 1910 1911 1912 1913 1914 1915 1916 Average 12 year~ 
Bus. Bus. Bus. Bus. Bus. Bus. Bus. Bus. Bits. Bus. Bus. Bits. Bus. 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) 
Original unselected ........... 88.4 58.1 49.8 49.1 66.2 38.2 40.6 50.9 42.6 56.4 30.0 85.8 54.62 
Heaviest one-fourth . ....... . .. 91.0 58.4 49.0 52.0 64.0 38.6 37.0 51.6 48.0 58.7 31.4 85.7 55.45 
Lightest one-fourth ..... . .... . 90.1 59.5 43.8 49.1 65.6 37.5 37.4 48.8 51.4 61.6 25.8 86.7 54.71 
Number of plats averaged ..... 2 2 2 2 2 2 2 2 4 3 2 2 
1Continuous selection since 1908. 
TABLE 34- W eight per bushel of crop harvested from light and heavy seed of Kherson oats as separated 
by a Janning mill (1905 to 1916) 
Kind of seed planted 1905 1906 1907 1908 1909 1910 1911 1912 1913 1914 1915 1916 AveragE 
--------- ------------- - - ---------- - -
Lbs. Lbs. Lbs. L bs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. L bs. Lbs. Lbs. 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) 
Original unselected .. .. . ... .. . .. . . . . . 35.0 29.2 23.2 26.5 31.0 34.0 25.0 28.5 23.2 21.2 30.0 27.9 
Heaviest one-fourth . . . ... ... . . 35.0 29.6 24.5 26.5 31.0 34.0 25.0 26.8 25.7 24.0 33.0 28.6 
Lightest one-fourth ... . . . ..... 
··· · ·· · 
34.5 28.5 24.5 26.2 31.0 34.0 24.0 26.3 23.5 20.5 31.5 27.4 
~ 
~ [ 
~-
~ 
t.,_, 
~-
~ 
t.,_, 
~ 
~ 
!;:l... 
[ 
t.,_, 
~ 
~ 
~ 
~ 
~ 
..... 
C 
~ 
""· ~ ~ 
en 
en 
TABLE 35-Yields of light and heavy seed of American Banner oats as separated by a fanning mill 
(1909 to 1916) 
Yield per acre 
Kind of seed planted Average Average 
1909 1910 1911 1912 1913 1914 1915 1916 8 years last 4 years 
Bushels Bushels Bushels Bushels Bushels Bushels Bushels Bushels Bushels Bushels 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 
Original unselected . . ......... . ......... .. 30.0 45.4 22.1 69.6 
. ",ii.74 . . 41.77 Heaviest one-fourth ......... ... . . . • ...... 58.8 47.9 35.4 32.8 29.7 39.0 24.2 65.8 39.70 
Lightest one-fourth . .. ........ . ..... . .... 58.2 50.2 29.8 33.3 32.3 45.7 21.1 74.5 43.17 43.37 
Number of plats averaged .. .... .. ........ 2 2 2 2 4 3 2 2 
TABLE 36-Weight per bushel of crop harvested from light and heavy seed of American Banner oats 
as separated by a fanning mill (1909 to 1916) 
Kind of seed planted 1909 1910 1911 1912 1913 1914 1915 1916 
Average 
for 8 years 
Average 
for4 years 
------------
Pounds Pounds Pounds Pounds Pounds Pounds Pounds Pounds Pounds Pounds (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 
Original unselected ..................... 
··29:;;·· .. ai:;; · · .. 22:0 .. 27.5 26.2 21.2 31.0 · .. 2s:!i · .. 26.5 Heaviest one-fourth ... ..... .... .... . ... 26.5 28.0 20.7 19.5 30.0 24.5 
Lightest one-fourth . .. .. ... . ....... .. .. 28.2 31.5 23.5 22.0 27.7 23.0 20.7 30.7 25.9 25.5 
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Relation of Size of Seed and Sprout Value to Yield 57 
As an average for both varieties during 12 years, the light 
seed has yielded 0.5 bushel less than the unselected seed, while 
the heavy seed has yielded 0.4 bushel more than the unselected. 
The average weights per bushel for crop harvested from the 
three grades have been 56.9, 57.5, and 57.3 pounds respectively 
for the unselected, heavy, and light seed. 
Oats-The fanning mill tests with oats seed have been con-
ducted with two varieties-Kherson and American Banner. The 
general plan was the same as for the wheat. All grades of Kherson 
oats have been planted at the standard rate of 10 pecks per acre, 
by means of a press drill. Since American Banner is a larger 
seeded variety, the drill was set at 12 pecks for all grades. 
The Kherson oat tests have extended from 1905 to 1916, 
giving 12 years' results. The light seed has yielded 0.09 bushel 
more and the heavy seed 0.83 bushel more than the unselected 
seed. The average weight per bushel of crop harvested has been 
27.9, 28.6, and 27.4 pounds respectively for the unselected, 
heavy, and light grades. 
The tests with American Banner oats have continued since 
1909. The unselected seed has been included only since 1913. 
The yields indicate that this variety was to begin with a mix-
ture of types. The crop from the light seed has also been slightly 
earlier during each of the past 4 years-the average time of 
heading being 2 days earlier than for the crop from the heavy 
seed. As a result of the fanning mill separation, the lightest one-
fourth of the seed has produced 1.43 bushels greater yield than 
the heavy seed as an average for 8 years. During the last 4 
years in which the original unselected seed was also grown, the 
light seed has yielded 3.67 bushels more than the heavy seed, 
and 1.6 bushels more than the original unselected seed. The 
average respective weights per bushel for the crop harvested 
from the unselected, heavy, and light seed have been 26.5, 24.5, 
and 25.5 pounds. 
To sum up, the superiority in yield of heavy seed over the 
unselected seed has been 0.83 bushel per acre for Turkey Red 
winter wheat and 1 bushel for Kherson oats. On the other 
hand, the heavy seed of Big Frame wheat has yielded 0.2 bushel 
less than the original unselected seed, and for American Banner 
oats the heavy seed has yielded 2.07 bushels less. 
The lightest one-fourth of the Turkey Red and of the Big 
Frame seed have yielded respectively 0.7 bushel more and 1.6 
bushels less than the unselected seed. 
The lightest one-fourth Kherson oats yielded 0.09 bushel 
more than the unselected seed, while the light American Banner 
yielded 1.6 bushels more than the unselected seed. As the result 
58 Nebraska Agricultural Exp. Station, R esearch Bul. 11 
of 12 years of continuous use of the fanning mill in securing the 
heaviest one-fourth of the seed each year for plant ing, no definite 
appreciable improvement has been effected. 
HISTORICAL SUMMARY OF INVESTIGATIONS WITH GRADES 
OF SMALL GRAIN SEEDS 
Numerous tests have been made comparing the yielding 
qualities of large and small or light and heavy seeds. Various 
methods of testing have been employed by the various in-
vestigators and the results are not all directly comparable with 
one another. 
The separations have been made in part by the use of hand 
screens. In other experiments, some form of fanning mill has 
been employed. Again part of the grades have been separated 
by hand selection of large and small seeds. The outcome of all 
methods was to secure distinct grades of seed, altho the most 
clearly defined and uniform grades were doubtless secured by 
the hand selection. 
Some of the experiments have been made in large field plats, 
while others have been made in small nursery plats. The small 
nursery plats are regarded as quite reliable if sufficiently replicated. 
Some investigations have extended over a period of years, while 
others are of only a single year duration. In some, replication of 
plats has been practiced and in others not . In a number of 
cases, the tests have been made in pots under laboratory condi-
tions. Several experiments also report the relative yields of large 
and small seed when grown alone and when grown in competition 
with each other. 
The various grades under comparison have also been planted 
in equal numbers, equal weights, and equal volumes, at the 
normal rates for the large seed. In several tests they have been 
space-planted to permit maximum development of the individual 
plant. 
In some investigations, continuous selection has been practiced 
by taking seed of a given grade each year from the crop grown 
from that same grade the previous year. This would permit an 
accumulative effect. 
Some experiments have compared only large and small seed, 
while others have also included the original unselected seed in 
the test. 
All of these conditions, as far as they are reported in bullet ins, 
together with the yields obtained, have been summarized briefly 
in tables 37 and 38. Tables 39 to 45 are general compilations 
from tables 37 and 38, secured in some instances by averaging 
data given by the investigator to fit the particular requirements 
of the table. 
TABLE 37- Historical summary of small grain yield tests with different grades of seed. 
on small areas 
Yields based 
Date of Duration 
Crop used Investigator publica- Method of conducting test of ex- Character of seed Yield 
tion periment 
Y ears Bushels 
SEED H AND SELECTED. NORMAL NUMBER OF SEED PLANTED . YIELD IN BUSHELS PER ACRE 
Winter wheat .. IKiesselbach, T. A. ,, 1917 Hand screens. Not continuous ..... .... 2 Original ..... 40.2 
and H elm, C. A . Plats repeated 5 times. Large, plump . 41.1 
Average of 2 varieties. Sm all, plump 39.0 
----
Winter wheat . Montgomery, E. G.t . 1912 Hand selection _ . Not continuous .. 1 Large . .. 47. 17 
Plats repeated ...... . ..... 3mall .. 
· · ··· · 
43.81 
---- --
---
Winter wheat . 3oule, A. M., 1903 Hand screens . . Not duplicated . . .. 3 Large .. 28 .6 
and Vanatter, P. 0 Small . 23.42 
----
---
Winter wheat . Zavitz, C. A . 1907 Hand screens . Not continuous. 6 Large, plump .. 46.9 
Not duplicated . Small, plump . 40 .4 
---
Spring wheat .. I Kiesselbach, T. A., 1 1917 Hand screens. Not continuous . .. 2 Original . 15.4 
and H elm , C. A . Plats repeated 9 t imes . Large .. 18.3 
Average of 2 varieties. Small . 14.2 
Spring wheat . Zavitz, C. A . 1907 Hand screens . Not continuous .. 8 21.7 
Not duplicated 18 
----
---
Oats . Montgomery, E. G.1 . 1912 Hand selection Not continuous. 1 Large .. . 48.32 
Plats repeated .. Small . . . 43.85 
---
Oats . Zavi tz, C. A . 1908 Hand selection . Not continuous. 7 Large . 62 
Not duplicated . M edium size . .. 54. l 
Small ... 46.6 
lzavitz, C. A .. . .. I~ IHand selection . 
---
Oats . Continuous .. 12 Large, black-colored .. 70.5 
Not duplicated. Small, light -colored . 53 .86 
---
Hand scre~ns . Barley . Soule, A. M., 1901 Not duplicat ed . 1 Large . 36.3 
and Vanatter, P. 0 . Small . 28.7 
---- ---
Barley . . Zavitz, C. A . 1907 Hand selection . Not continuous . . 6 Large, plump . 53.8. 
Small, plump . 50.4 
---
Rye .. Nielson, P . 1895 Hand screens . Not continuous . 4 26.6 
26.8 
25.8 
25.6 
1 Yields calculated from grams to bushels per acre. 
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TABLE 37 Continued-Historical summary of small grain yield tests with different grades of seed. 
Yields based on small areas 
Date of Duration 
Crop used Investigator publica- Method of conducting t est of ex- Character of seed Yield 
tion periment 
Years Bushels 
SEED PLANTED AT NORMAL RATE. EQUAL WEIGHTS VERSUS EQUAL NUMBERS. YIELD IN BUSHELS PER ACRE 
Winter wheat . . Kiesselbach, T. A., 1917 Hand selection . . Not continuous 4 Equal numbers { Large . 43.2 
and H elm, C. A .... . . . Plats replicated 10 times .· · Small. 41.3 
Equal weights {Large . 43.2 
Small .. 43.2 
----
Oats. Kiesselbach, T. A., 1917 Hand selection . Not continuous . . . . ..... 5 Equal numbers { Large . 46.1 
and Helm, C. A., also Plats replicated 10 times . Small .. 41 
Kiesselbach, T. A., Equal weights { Large .. 46.1 
and Ratcliff, J. A . . Small .. 46.1 
Spring wheat . . . Kiesselbach, T. A., 1917 Hand selection . . Not continuous . .. . ...... 2 Equal numbers i Large .. 14.1 
and H elm. C. A .. ..... Plats replicated 10 times . Small. 12.7 
Equal weights Large .. 14.1 
Small . 13.9 
SEED HAND SELECTED, SPACE-PLANTED. RELATIVE YIELDS P er cent 
Winter wheat. Cobb, N. A ........ . ... 1903 Hand screens . .. Not duplicated . ...... . . 3 Large, plump . . . . .. 100 
Small, shri veiled .. . ..... 83 
Spring wheat . .. Bolley, H . L .... . ...... 1901 Hand selection .. Not duplicated .. . ... . .. . . 4 Large, plump . 100 
Small, plump .... 90 
Spring wheat ... Kiesselbach, T, A., 1917 Hand selection . Average of 2 varieties . . . ... 1 Individual / Large . ... . 100 
and Helm, C. A ...... Plats replicated 10 t imes . plant yields \ Small . 64 
Oats . . . .. .. . .. Kiesselbach, T . A., 1917 Hand selection . Plats replicated 10 t imes . . 1 [ndi vidual {Large . 100 
and Helm, C. A . ...... plant yields Small .. . 84 
Oats .. . . . .. Williams, C. G., 1913 Hand selection . . Not continuous . . .. . . . ... . 5 Primary seed . 100 
and W elton, F . A . .... Plats repeat~d . .... . . 3econdary seed . ... . . 94 
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TABLE 37 Continued- Historical summary of small grain yield tests with different grades of seed. 
Yields based on small areas 
Date of Duration 
Crop used Investigator publica- Method of conducting test of ex- Charact er of seed 
tion periment 
Years 
SEED HAND SELECTED. PLANTS GROWN I N POTS, EQUAL NUMBERS. YIELD IN GRAMS P ER POT 
Winter wheat .. IVoelcker, J. A . 
I 
1902 I Hand selection .· I T wo v arieties averaged . 1 Large. 
Dupli cated .......... Small . 
Winter wheat .. Voelcker, J . A . 1903 Hand selection . /Two varieties averaged . . 1 Large .. 
Duplicat ed ........... Small 
Winter wheat .. !Williams, C. G .. . I 1905 I Hand selection . . I Seed selected from same 1 !Large. 
heads. Small . 
Yield 
10.34 
11.14 
19.48 
19.53 
13.21 
15.68 
RELATIVE YIELDS OF LARGE AND SMALL SEED WHE N PLANTED AT THE ORDINARY F IELD RATE IN EQUAL NUMBERS 
ALONE AN D I N COMPETITION WITH EACH OTHER IN THE ROW 
Wheat ........ IKiesselbach, T. A ., 1917 I Hand selection .. I Not continuous. 
and H elm, C. A . Average for fall and spring 
wheat ... . ...... . ....... . 
Plats replicated 5- 9 times. 
Oats ... Montgomery, E. G . 1912 I Hand selection . I Not cont inuous . 
Plats duplicated . 
2 Alone / Large . . .. . . . 
\ Small .... . . . 
Competition / Large . 
\ Small .. 
Alone / Large .. . ... . 
\ Small ... . .. . 
Competition { Large. 
Small . 
100 
89 
100 
76 
100 
93 
100 
80 
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TABLE 38-Historical summary showing effect of fanning mill separation upon the seed value of small 
grains when planted under farm conditions 
1 Date of 1 Duration 
Crop used Investigator I publica- Method of conducting test of ex- Character of seed Yield 
t10n perimerit per acre 
Years Bushels 
\Vinter wheat Georgeson, C. C. 1896 Fanning mill and screens Not continuous . . . . .. 4 Common . 28.97 
Plats repeated 5 times . Heavy . . . 29.15 
Light . .. . 27.6 
Winter wheat Grenfall , C. N . 1901 Fanning mill and screens Average of 2 varieties. 1 Plump ....... .. 9.7 
Average of 6 plats . Shrivelled 7 .5 
Winter wheat . Kiesselbach, T. A ., 1917 Wind blast ... Continuous selection . . 12 Check. 33.5 
and Helm, C. A . Average of 2 varieties . .. .tleaviest one-fourth. 33.9 
Plats duplicated in part . Lightest one-fourth. 33 
----
Winter wheat . Hickman, J. F . 1897 Fanning mill and screens Continuous selection . .. 4 Unscreened . . 13 .37 
Average of 3 varieties. First grade . . . 14 
Second grade 13 .74 
Winter wheat Hickman, J. F 1901 Fanning mill and screens Continuous selection . 9 Unscreened . . 16.33 
Average of 3 varieties. First grade . 17.06 
Second grade 16.21 
---
Winter wheat Lyon, T. L. 1 . . . 1905 Wind blast Not continuous . ..... 4 Heavy .. 24.5 
Not duplicated . Light . . . . , . 23 .7 
Winter wheat . Latta, W. C 1891 Fanning mill and screens Not continuous . ...... 3 . Large .. 30.54 
Large seed duplicated . Small . 27.94 
Winter wheat . Montgomery, E. G . 1908 Wind blast . .. . Continuous selection 8 Ordinary ....... 30 
A.. verage of 2 varieties. Heaviest heavy . 30.2 
Not duplicated . .. . Lightest light . 29 
Winter wheat Sanborn, J . W 1893 Fanning mill . . .. Not continuous. 4 Ordi·nary ·. 16.42 
Big ..... . 18.72 
Medium size ·.· 1(>.(> 
Small .... 18.72 
Smallest . 11.25 
Winter wheat Williams, C. G . 1905 Fanning mill and screens Not continuous . ... .. 2 First grade .. 22.64 
Second grade . 22.58 
Third grade. 21.77 
Winter wheat . Will iams, C. G., 1911 Fanning mill and screens Continuous . .. . 7 First grade . . 31.26 
and Welton, F. A. Plats repeat ed Second grade .. 3 1.4 
Third grade. 31.25 
1Yields averaged from data given in bulletin. 
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TABLE 38 Continued- Historical summary showing effect of fanning mill separation upon the seed 
value of small grains when planted under farm conditions 
Date of I I Duration Crop used I Investigator I pul?lica- Method of conducting test of ex- C ha racter of seed Yield ~ tIOn periment per acre 
Bushels ~ 
... I Burnett, L. C. I !Fanning mill . . ..... \Not continuous . . . . . . Y ears ~ Oats . 1912 3 Not fann ed . ... 48.5 
""· Average of 2 varieties. Fanned 1 time 49 0 
Durlicated . . . Fanned 2 times 49 .7 ;:s 
Fanned 3 t imes. 48.3 ~ ----
Oats .. ... IBoss, A ............. I 1893 I Fanning mill . . [Not continuous 1 deavy . ... 64.09 v.:i Light. 54.59 
""· 
----
N 
Oats. . I Georgeson, C. C ...... I 1897 !Fanning mill .. 
- -
1~1a~!i~~i~:t~ci -5- ti·~~~· -· I l:;ommon ... , 29.89 
(I> 
8 
:feavy. . . . 3J.9 ~ Light. . .. 27.5 
---- ~ 
Oats (Kherson) .. IKiesselbach, T. A., I 1917 I Wind blast. . .... · l Continuous since 1907 . _ I 12 I ~~:~~~~t ~-n·e~f~~;t·h·. 5 4.62 
(I> 
(I> 
and Ratcliff, J. A . Plats repeated ........ 55.45 R. 
Lightest one-fourth . 54.71 @ Oats (American I Kjesselbach, T. A ., I 1917 I .Vind blast. . ..... !Continuous . ... 
. . --I 4 I U nselecte:l. . ...... 4 1. 77 Banner) and Ratcliff, J. A .... Plats repeated :Ieaviest one-fourth. 39.7 R. 
Lightest one-fourth . 43.37 ~ 
---- ~ 
Oats . .... I Williams, C. G., I 1913 I Wing blast and screens.· I Continuous. I 4 I Unselected .. 58.23 
.... 
0 
and Welton, F. A. Duplicated rfeavy ..... 58.98 ~ Li gh t .... 56.66 
.... I Montgomery, E. G . I [ Wind blast . · ..... -I ~ontinuous . I [:; heck ....... . ---- ~ Oats . 1908 3 65.4 feaviest heavy. 66.1 ~ 
Lightest heavy. 65.6 ~ 
Heaviest light. 64. 1 (I> 
Lightest light. 64.5 0 
----
Oats . 
. I Williams, C. G ....... I 1903 !Fanning mill .. IN ot continuous . 7 l~ommon .. 44.77 ~ 
-Ieavy . . 46.31 &' e,ight . 42 .63 
Rye. 
. !Nielson, P. 
-. -. . -I !Fanning mill. . /Not continuous . I I Large ........ 37.8 
~ 
1895 7 
Plats repeated . ~e <t to large. 38.5 
~ext to small 39 .1 
3mall . 38.5 
Barley_ ......... I Voelcker, J . A. I 1906 ] Fanning mill and screellEINot continuous . .... . .. -I 1 [Large 3~. 1 0) Small 36.4 co 
TABLE 39- Relative yields of large and small seeds, space-planted to permit maximum individual 
plant development 
Relative yields 
Crop Investigator Date of Duration 
publication of test Large Small 
seed seed 
Y ears Per cent Per cent 
Winter wheat .. . . ... Cobb, N. A .... .. . ... . . .. . . . . . : . .. . ... . ... . 1903 3 100 83 
Spring wheat .... . . . . Bolley, H. L . . . . .. .. . . . .... .. . . . . . ... .. . ... 1901 4 100 90 
Spring wheat . . . . .. . . Kiesselbach, T. A., and Helm, C. A ... . .. ... .. 1917 1 100 64 
Oats . . . .. . ... . . ... . Kiesselbach, T . A., and Helm, C. A ... . . . .. . . . 1917 1 100 84 
Oats .. . .... . . .. . . . . Williams, C. G., and Welton, F. A . . . . . . ... ... 1913 5 100 94 
g ... .. . . 100 . 83 
TABLE 40- Relative yields of large and small seeds when planted in equal numbers in pots 
Yield per acre Ratio, 
Crop Investigator Date of Duration small to 
publication of test Large Small large 
seed seed 
Y ears Bushels Bushels 
Winter wheat . .. . . .. Voelcker, J. A ... . . .... ... ... . ." . . ... . 1902 1 10.34 11.14 1.08 
Winter wheat . .. . .. . Voelcker, J. A .... . . . . . . . . ... . ... ... . 1903 1 19.48 19.53 1.00 
Winter wheat .. . .... Williams, C. G ...... . .......... . ... . 1905 1 13.21 15.68 1.19 
Average . . .... . . .... 14.34 15.45 1.09 
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TABLE 41- Relative yields from large and small seeds when planted in equal numbers at a rate normal 
for the large seeds 
I ' Yield per acre Ratio, 
Crop Investigator Date of Duration small to 
publication of test Large or Small or large 
heavy seed light seed 
Years Bushels Bushels 
Winter wheat .. Kiesselbach, T . A., and Helm, C. A .. .. 1917 2 41.1 39.00 .95 
Winter wheat ... Montgomery, E. G . .. ... .. . .. . . ...... 1912 1 47.17 43.81 .93 
Winter wheat . .. Soule, A. M., and Vanatter, P. 0 . .. ... 1903 3 26.60 23.42 .88 
Winter wheat . .. Zavitz, C. A . . ... .... .... ..... ...... 1907 6 46.90 40.40 .86 
Spring wheat . Kiesselbach, T. A., and Helm, C. A .... 1917 2 18.30 14.20 .78 
Spring wheat .. Zavitz, C. A ... . . . . .. .. ..... ....... 1907 8 21.70 18.00 .83 
Oats ........... Montgomery, E. G ... . . ... . . ......... 1912 1 48.32 43.85 .91 
Oats .. . ..... . . Zavitz, C. A ... .... . . . ... .. .. ... . .. . 1908 7 54.10 46 .60 .86 
Oats .. ......... Zavitz, C. A ...... . . ........... .. . .. 1908 12 70.50 53.86 .76 
Barley ..... . .. . Soule, A. M., and Vanatter, P. 0 ... ... 1901 1 36.30 28.70 .79 
Barley . . . .. . .. Zavitz, C. A ....................... . 1907 6 53.80 50.40 .94 
Rye ...... . ... Nielson, P .... ... .... . .............. 1895 4 26 .70 25.70 .96 
Winter wheat ... Kiesselbach, T . A., and Helm, C. A ... . 1917 4 43 .20 41.30 .96 
Oats ...... . .... Kiesselbach, T. A., and Ratcliff, J. A . .. 1917 5 46 .10 41.00 .89 
Spring wheat . .. Kiesselbach, T. A., and Helm, C. A .... 1917 2 14.10 12.70 .90 
Average . .. . . . . . . . . . 39.66 34.86 .88 
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TABLE 42- Relative yields from large and small seeds when planted in equal weights, at a rate normal 
for the large seeds 
Yield per acre Ratio, Ratio, 
Crop Investigator Date of Duration unselected small to 
publication of test Unselect- Large Small to large large 
ed seed seed seed 
Y ears Bushels Bushels Bushels 
Winter wheat ... Kiesselbach, T. A., 
and Helm, C . A .. . . 1917 4 45.2 43 .2 43 .2 1.05 1.00 
Oats . . . . ...... . . Kiesselbach, T. A., 
and Ratcliff, J. A ... 1917 5 45.2 46 .l 46.1 .98 1.00 
Spring wheat. Kiesselbach, T. A., 
and Helm, C. A . 1917 2 15.2 14.1 13.9 1.01 .99 
Average ... . . . . . . . . ' 35.5 34 .5 34.4 1.01 1.00 
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TABLE 43- Relative yields from large and small or heavy and light seeds as separated by a fanning 
mill and planted in equal volumes 
Crop 
Winter wheat. 
Winter wheat. 
Winter wheat ... 
Winter wheat .. 
Winter wheat. 
Winter wheat .. . 
Winter wheat . . . 
Winter wheat . . . 
Winter wheat . . . 
Winter wheat. 
Winter wheat. 
Oatst . 
Oats .. 
Oats .. . .. 
Oats (Kherson) . 
Oats (American 
Banner) . .. .. . 
Oats ... ... .... . 
Oats ...... .. . . . 
Oats' ....... . . 
Rye . .. ... . 
Barley . 
Investigator 
Georgeson, C. C ...... ... . . . ....... . . 
Grenfall, C . N ...... . . .... ....... . . . 
Kiesselbach, T. A., and Helm, C. A . . . 
Hickman, J. F . ... .. ...... . ........ . 
Hickman, J. F ..... ............. .. . . 
Lyon, T. L ............. . . . .... . 
Latta, W. C ... .... .... . ........... . . 
Montgomery, E.G ..... . . . . . . . . . .... . 
Sanborn, J. W .... ... .. ..... . . . . . ... . 
Williams, C. G .... . . ............... . 
Williams, C. G., and Welton, F . A . .. . . 
Burnett, L. C .. . . . . .... ... ..... . ... . 
Boss, A ... . ....... ...... . . . ... .... . . 
Georgeson, C. C .. ............. . .. . . . 
Kiesselbach, T. A., and Ratcliff, J. A . . . 
Kiesselbach, T. A., and Ratcliff, J . A . . . 
Montgomery, E. G ................. . . 
Williams, C. G .. .. ........ . . . ..... . . 
Williams, C. G., and Welton, F . A .. . . . 
Nielson, P . . . .... .. ................ . 
Voelcker, J. A ... . ...... .... .... .... . 
1 Average of two grades for each yield. 
2Average data for equal volumes and equal numbers. 
Date of 
publication 
1896 
1901 
1917 
1897 
1901 
1905 
1891 
1908 
1893 
1905 
1911 
1912 
1893 
1897 
1917 
1917 
1908 
1903 
1913 
1895 
1906 
Average . 
Yield per acre 
Duration I 
of test Large or I Small or 
Y ears 
4 
1 
12 
4 
9 
4 
3 
8 
4 
2 
7 
3 
1 
8 
12 
4 
3 
7 
4 
7 
1 
heavy seed light seed 
Bushels 
29.15 
9.70 
33.90 
14.00 
17.06 
24.50 
30.54 
30.20 
17.66 
22.64 
31.26 
49.00 
64.09 
30.90 
55.45 
39.70 
65.80 
46.31 
58.98 
38.2 
32.10 
35.30 
Bushels 
27.60 
7.50 
33.00 
13.74 
16.21 
23.70 
27.94 
29.00 
14.98 
22.17 
31.32 
48.75 
54.59 
27.50 
54.71 
43.37 
64.30 
42.63 
56.66 
38.80 
36.40 
34.04 
Ratio, 
small to 
large 
.95 
.77 
.97 
.98 
.95 
.97 
.91 
.96 
.85 
.98 
1.00 
.99 
.85 
.89 
.99 
1.09 
.98 
.92 
.96 
1.02 
1.13 
.96 
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TABLE 44- Relative yields from unselected and large and small or heavy and light seeds as separated 
by a fanning mill and planted in equal volumes 
Date of Dura- Yield per acre Ratio, Ratio, 
Crop Investigator pub- iion of unselected small to 
lication test Unselect- Large or Small or to large large 
ed seed heavy seed light seed 
Y ears Bushels Bushels Bushels 
Winter wheat . ... Georgeson, C. C ... . . . . 1896 4 28.97 29.15 27.60 .99 .95 
Winter wheat .... Kiesselbach, T. A., 
and Helm, C. A .. . . . . 1917 12 33.50 33.90 33.00 .99 .97 
Winter wheat . . . Hickman, J. F ... . . . ... 1897 4 13 .37 14.00 13.74 .96 .98 
Winter wheat . .. . Hickman, J. F ......... 1901 9 16.33 17.06 16.21 .96 .95 
Winter wheat .... Montgomery, E. G . . . . . 1908 8 30.00 30.20 29.00 .99 .96 
Winter wheat . ... Sanborn, J. W ......... 1893 4 16.42 17.66 14.98 .93 .85 
Oats . . ... . ...... Georgeson, C. C ....... 1897 8 29.89 30.90 27.50 .97 .89 
Oats (Kherson). Kiesselbach, T. A., 
and Ratcliff, J. A . . ... 1917 12 54.62 55.45 54.71 .98 .99 
Oats (American 
Banner) .... . .. Kiesselbach, T . A., 
and Ratcliff, J. A ... . . 1917 4 41.77 39.70 43 .37 1.05 1.09 
Oats ..... . ...... Montgomery, E. G .... 1908 3 65.40 65 .80 64.30 .99 .98 
Oats . . . ... . ..... Williams, C. G ........ 1903 7 44.77 46.31 42.63 .97 .92 
Oats1 .... • .•.. . . Williams, C. G., 
and Welton, F. A . . . .. 1913 4 58.23 58.98 56.66 .98 .96 
Average . .. .. . .. 36.10 36.60 35.30 .98 .96 
1Average for equal volumes and equal numbers. 
~ 
00 
'.<: 
~ 
0--
.... 
~ 
?:-"' 
!;l 
;:i::.. 
~ 
""· C, ~ 
I 
1 
~ 
~ 
l 
~ 
~ 
~ 
£.. 
~ 
N. 
N. 
Relation of Size of Seed and Sprout Value to Yield 69 
TABLE 45-Relative yields of large and small seed planted alone 
and in competition 
i:: 
._o 
0~ 
i::..., 
.s ~ Relative yields 
Crop Investigator E.8 "t;;;.., Alone Competition Oil- ........ 
::l 0 A"§ 
0. A Large Small Large Small 
Y'rs Per cent P er cent P er cent P er cent 
Winter wheat Kiesselbach, T . A. 1917 2 100 89 100 76 
and Helm, C. A ... 
Oats . ... . ... Montgomery, E. G 1912 1 100 93 100 80 
--
Av .. . ... 100 91 100 78 
In general the results indicate: 
(a) When space-planted to permit maximum development, a 
higher individual plant yield is obtained from large than from 
small seeds. As an average for all investigations, this difference 
amounts to 17 per cent. This is not to be regarded as an in-
heritable quality, but rather as an immE:diate advantage due 
to a more vigorous initial growth resulting from a greater re-
serve food supply in the seed. 
(b) When planted in equal numbers at a rate optimum for 
large seed, a lower yield is obtained from the small than from 
the large seed. As an average for all investigations, this differ-
ence amounts to 12 per cent: This comparison resolves itself in 
a measure into a rate-of-planting test. The optimum number of 
plants, per unit area, from large seeds is too thin for maximum 
results from small seeds. 
(c) When planted in equal weights, at a rate optimum for 
the large seed, all three grades-large, small, and unselected-yield 
equnlly. As an average for all investigations, large and small seed 
yielded alike, and the unselected seed yielded 1 per cent more 
than the large. This also seems to be a matter of rate planting. 
The shortage in yield of plants from small seeds is overcome by 
planting a greater number of seeds. • 
(d) When light and heavy seeds (or large and small) obtained 
from a fanning mill are planted in equal volumes as with a drill 
set at a uniform rate, slightly smaller yields are apt to result 
from the small seed. As an average for all investigations, this 
difference amounts to 4 per cent. The difference in favor of 
large or heavy seed as compared with the original unselected 
seed is very slight, and probably so small as to have little practical 
significance. As an average for all tests it amounts to 2 per cent 
70 Nebraska Agricultural Exp. Station, Research Bul. 11 
increased yield for the large or heavy seed. Two per cent could 
easily be interpreted as experimental error if the tests were not 
so consistent in their indications. It is not likely that the yields 
are absolutely accurate. The conclusion would seem justified 
that the practical use of the fanning mill in seed preparation is to 
remove weed seeds and trash, when present. If the seed is well 
cleaned at the threshing machine, little further is to be gained 
by fanning mill grading. 
(e) When large and small seeds are alternated in the row at 
the normal planting rate and grown thus in competition, plants 
from the small seeds are reduced in relative yield as a result of 
the competition. As an average for the two tests bearing on this 
point, this competition in favor of the large seed amounts to 13 
per cent. This suggests a natural elimination (within a mass 
variety) of poorly adapted types, which produce unduly small or 
light-weight seed. 
" 
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